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NOMENCLATI!RE 
Throughout this thesis as "F" in the centre of a ring is used to denote that all 
unmarked bonds are attached to fluorines unless stated. 
ill 
NOVEL FLUORINATED CYCLIC DIENES AND THEIR CHEMISTRY 
by 
The work described in this thesis is concerned with three areas which are 
synthesis, nucleophilic reactions, and cycloaddition reactions of novel fluorinated cyclic 
dienes. 
1 
2 
Sodium amalgam has been investigated as an electromimetic medium to 
reduce various fluorinated alkenes. It has been found that this can act as a single 
electron transfer reagent and defluorinate a series of cyclic alkenes to yield their 
corresponding dienes in good yield and conversion. Tetralds(dimethylamino) 
ethylene (TDAE) has also been found to be a suitable :reagent. The chemistry of 
these dienes, in particular (A) and (B), is then discussed. 
~ (A) ~ (B) 
A number of reactions with nucleophiles has been studied employing 
novel dienes (A) and (B). Basically vinylic fluorine has been replaced to yield a 
range of mono- or di-substituted products. 
Reactions of fluoride ion sources with (A) and (B) have been studied. 
Addition of fluoride ion sources to these dienes in a solvent fonns their 
carbanionic intermediates. That of (A) is very unstable and reacts further with (A) 
to give its oligomers. However it can lead to the observable carbanion by reaction 
of the precursor of (A) with TDAE. On the other hand, the carbanionic 
3 
iv 
intermediate of (:8) is very stable, being observed by 19F-NMR. These 
carbanions have been characterised by various methods. 
Numerous cycloaddition reactions have been attempted. Dienes (A) and 
(B) did not undergo Diels-Alder reaction as diene because of their extremely 
electron-deficient double bonds and their specific conformations. Diene (A) has 
reacted as a dienophile with hydrocarbon dienes to yield the corresponding 
cycloadducts. Addition of an excess of diazomethane to dienes (A) and (B) has 
given rise to 1,3-dipole cycloaddition reactions forming their corresponding 
diadducts, which have been identified as .6,2-dihydropyrazole derivatives. 
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1.1 General Introduction 
The history of fluorine chemistry is considerably more recent than that of the other 
halogens. In the 1930's, there was a significant breakthrough with the application of 
fluorinated compounds as refrigerants. This discovery gave impetus to research into the 
preparation of organic fluorine compoundsl. lin the following years the notorious 
"Manhattan Project" was set up and in the USA, another epochal discovery, 
polytetrafluoroethylene (P'flF'E), was made. lFluorine chemistry is increasingly explored 
and applied in such widely differing fields as polymers, medicine and agricultural 
chemistry. 
Fluorine is the only element which can, in principle, replace any number of 
hydrogen atoms in a molecule because the van-der Waals radius of fluorine is the closest 
to that of a hydrogen, and the C-F bond is one of the most stable bonds including carbon-
carbon bond. The development of numerous fluorination techniques has enabled one to 
synthesise a large variety of compounds2. 
Perfluoro organic compounds often have widely different physical properties and 
certainly a quite different chemistry from the corresponding hydrocarbon compounds. 
Remarkably, fluorocarbons have very similar volatility to the corresponding 
hydrocarbons in spite of the increased molecular weight. Their effects may be attributed 
to lower interaction between molecules. Reactions of unsaturated fluorocarbons have 
been widely investigated. The chemistry has been compared with that of hydrocarbons 
and so called 'mirror image' relationship has been e:xploited3. However, there are not 
many reports concerning the reaction of fluorinated dienes. Most of them deal with the 
reactions of perfluorohe:xa-1 ,3-diene, perfluorocyclopentadiene, and perfluorocyclo-
heptadiene, and particularly cycloaddition reactionsl,4. In fact there have not been many 
suitable methods to synthesise fluorinated dienes. 
This thesis will be concerned with a study of the synthesis of novel perfluorinated 
dienes, a variety of nucleophilic reactions , some attempted cycloaddition reactions and 
will compare the results with other systems that have been reported. In the following 
review, the synthesis, structure and reactions of fluorinated dienes will be discussed. 
2 
1.2 Synthesisof fhtorin!!ted Dienes 
1.2.1 Intermolecular dehalogenation 
1.2.1.1 Metal induced cougling of fluorinated alkenes 
Intermolecular dehalogenation of perfluoroalkyl and alkenyl halides has 
been reported using zinc in various solvents by several workers. for example, 
perfiuoroallyliodide (1) was coupled in dioxane by zinc to give perfluorohexa-1 ,5-
diene(2)5. 
Nal acetone 
20°C 
(1) Zn dioxane 
reflux 
CF2=CFCF2CF2CF=CF2 
(2) (scheme 1,1) 
Later it was reported that copper or mercury under UV irradiation also couple ( 1 ), giving 
diene (2) in better yield6. 
Camaggi and coworkers? reported that 1-chloro-1,2-difluoro iodoethylene (3) 
underwent a reductive coupling reaction when heated with copper bronze to yield 1,4-
dichloro-tetrafluorobuta-1,3-diene( 4 ). 
F 
F cis, cis ; 19% 
CI~F Cl 
tF I F copper bronze (3) F. cis, trans ; 51% 
Cl)( 145°C F 
Cl F 
F I 
F trans, trans ; 30% 
(scheme 1 ,2) 
3 
They further reported8 that two perfhmrinated cyclic alkenyl bromides 
1-Bromononafluorocyclohexene (S) and 1-bromohepta.fluorocyclopentene ( 6) also reacted 
with copper bronze to give the corresponding coupled dienes (7) and (8) respectively. 
~Br copper bronze 0121 I 53% 230°C 2days 
(5) (7) 
0rH 
Br2 
H KOH 0rBr ~Br t:> t:> ~ uv H20 Br (6) 
(6) coppar bronze 
230°C 2days 0=0 79% 
(8) 
(scheme 1 ,3) 
These reactions are analogous to the facile Ullmann reactions of electron deficient aryl 
bromides and iodides. 
When 2-iodoperfluoro-3-methyl-2-butene (9) was heated with copper bronze, the 
highly hindered diene (10) was formed in good yield9 but the interconversion of (10) to 
its cyclobutene cannot be completely avoided. 
<
CF3 copper bronze 
(CFa)2C=C I 200oC 1day 
(9) 
F C CF ~ FaC'J:tCFa 
F3C CF3 
(scheme 1 ,4) 
The copper bronze induced coupling reactions of 1 ,2-diiodoperfluorocycloalkenes 
(11) were demonstrated by CamaggilO, yielding not only linearly coupled cyclic dienes, 
but intramolecularly cyclised trienes and tetraenes (Scheme 1 ,5). 
i lA ~ Cu bronzs r> I+~+ F~-AF + ~ 180°C H 
(11) 3% 6% 16% 29% 
I ~ 
·V ~ Cu bronzs r> ~· 180°C I ~ 
9% 
(scheme 1,5) 
40% 51% 
The yield in each case, however, was not good because intermolecular coupling 
was more favoured. Soulen and coworkersll claimed that cyclic trimer and tetraomer 
were predominantly obtained in greater yield when a trace of N,N-dimethylformamide 
(DMF) was added. 
Recently, Burton and coworkers12-15 have successfully synthesised the stable 
polyfluorinated vinyl zinc, cadmium, and copper reagents. 
mCF=CFXM ___ DM __ F_.~ 
r.t.~60°C 
RfCF=CFMX + (RfCF=CF)~ + M~ 
80-90% 
(scheme 1.6) 
RfCF=CFMX + (RfCF=CF)~ + M~ Cu 
r.t. 
RfCF=CFCu ( 12) 
68-99% 
These vinyl copper and zinc reagents, (12) and (13), can react with polyfluorinated 
alkenyl iodides to give a variety of poly- or per-fluorinated dienes(scheme 1,6)16-18. 
More recently it has been claimed19 that polyfluorinated cyclo-pentenyl copper reagent 
(14) reacts with iodopolyfluorinated cycloalkenes to yield cyclic dienes (15)(scheme 1,8). 
Cl 0(~ 
Cu 
(14) 
1.2.1.2 
Cl 
)::(CFvn 
I 
n = 1-4 
DMF 
=====it:::> 
Cl Cl 
R1 ""~""CFa~ Rao ~ ... F 
~ Cl f4 0 CF3 I R1 ""' Ra "" F 
IA1 Cl ~ c; CF3 I R2 = Ra = F 
R1 = ~=~Fs~ R2""R4"'F 
~"" R4 = ~Fs I R1 = Ra"' F 
R1 = R4 = ~Fs 1 R2 = Ra = F 
R1 = F I R2 = CFa 
R1 "" CFa 1 R2 = F 
(schems ~ ~7) 
d 1l 
~CFvn 52-92% 
(15) (scheme 1~8) 
~ne inducedreductiyecouplingQ(fJ.uorinatedalkenes 
lFluorinated alkenes react readily with tertiary phosphine to form various 
products, depending on the position of the double bond in the molecule. futemal olefins, 
such as perfluorocyclobutene and 2-perfluorobutene allow phosphine to attack at the 
double bond and fonn the stable ylides20. Terminal fluorinated alkenes (16) under the 
same condition lead to the corresponding fluorinated vinyl phosphoranes (17)21 . 
-~-> 
-i'ffc --{:> r.t. 
(scheme 1~9) 
Rf-G=C-PBu3 
I I (17) 
F F 
An increase in electrophilicity of the double bond in internal fluorinated alkenes is 
proportional to the number of perfluoroalkyl groups at the double bond, and changes the 
reactivity with tertiary phosphine. Stepanov and coworkers22,23 reported that alkenes 
containing three perfluoroalkyl groups at the double bond undergo a unique reductive 
coupling in the presence of tertiary phosphines. 
6 
R = Ph , N(CHa)2 
(scheme 1,1 0) 
~ ·RaPF2 
CF3 ~75% 
(19) CF3 
Compound(18) reacts with phosphines to give (19) in good yield. Reactions of 
thermodynamic dimers of hexafluoropropene (20) with phosphines lead to perfluoro-2,5-
dimethyl-3-ethyl-hexa-2,4-diene (21). Isomerisation of (20) to the corresponding 
terminal alkene (22) occurs in the presence of phosphine (base), which is then attacked by 
ylide (23) to give (21). 
Scheme 1,11 
(scheme 1,11) 
They24 subsequently studied the reactions of various perfluoroalkenyl-
phosphoranes. For example, perfluoro-2-methyl-1-cyclobutenyl triphenyl-fluoro-
phosphorane (24) reacts with perfluoroalkenes to yield conjugated dienes. Several 
reactions are illustrated in Table 1,1. 
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Table 1,1. Reactions of iluomphosphorans(24) wi~h various 
iluoroalksnss 
C2Fs C2Fs 
~)Ph3 (CFa)~=CF2 ~.fC(CFo), 75% CHaCN 
(24) F F 
C2Fs 
(24) (CFa)~=CFC2Fs ~1=C(CFa), 60% CHaCN 
C2Fs 
~C2Fs C21Fs C2Fs (24) H 60% CHaCN 
0=c2Fs ~ (24) 80% CHaCN c 
However, it should be noted that compounds containing P-F bond have great 
toxicity, and therefore they must be treated very carefully. 
1.2.2 
1.2.2.1 
Intramolecular Dehalogenation 
Zinc induced dehalogenation 
Elimination of two halogen atoms from two adjacent carbon atoms results 
in the formation of fluorinated alkenesl. Dehalogenation ofpolyhalogenated alkenes with 
zinc has been used extensively in the preparation of fluorinated alkenes. Haszeldine25 
reported the synthesis of perfluorobut-1,3-diene (25) by dechlorination with zinc. 
CF~FCI + ICI 
c~c~ 
CF~tCFCII 
2CF2CICFCII Hg :::::> CF~ICFCICFCICF2CI 
u.v. 
CF2CICFCICFCICF2CI Zn :::::> CF~F-CF::CF2 (25) 
(scheme 1, 12) 
][n the same year, the synthesis of perfluoroyclohe:xa-1,3-diene by dechlorination with 
zinc was also reported26. Some syntheses of fluorinated dienes are illustrated in Table 
1,2. 
Table 1,2. Dehalogenation of various ~luorocompounds by zinc 
1.2.2.2 Defluorination 
Zn 
dioxane 
Zn 
dig Iyme 
Zn 
EtOH 
Zn 
ROH 
Zn 
EtOH 
44% 
CF~CF-GF=CF2 
(25) 40% 
(25) 80% 
CIFC=CF-CF=CF2 
References 
27) 
28) 
29) 
30) 
CF~CFCFCICF2CF=CF2 35% 31) 
CF~CF-GF=CFCF=CF2 65% 
a) Thenna1 defluorination - thermolytic reactions have formed many applications in 
organic fluorine chemistry32,33. Passage of fluorinated cyclic alkenes (26-28) over iron 
at high temperature leads to the corresponding dienes (29), (8) and (30) respectively. 
References 
~ Fe filings ~ 20% 34) ~ 570°C (29) 
(26) 
&0 Fe [f)==0 50% 35) 500°C (27) (8) 
0-- ,cF3 Fe ~ ,cF3 34) CF 
640°C 
::::> c 30% 
' 
~ (28) CF3 (30) CF2 
(scheme "i,13) 
Chambers and coworkers36 reported that a smooth fragmentation occurs when 
perfluorinated alkenes (31) and (32) were passed through a platinum lined tube or fresh 
iron fillings at 540-700°C, giving diene (33), (34) and (35). 
F3c C2F5 Pt FaC, _,CFa IFaC CFa 
> g8 , I!( C=C"\. -~~::::> C-C + .,.,. + ~6 + C3Fa IF5C2 CF3 670°C ~ ~ r 
E, z isomers 
F2C (33) CF2 
(31) 59% 14% 39% "iO% 
43% 10% (scheme 1,14) 
Coe and coworkers37 demonstrated that the pyrolysis of perfluoro-4-ethyl-3,4-
dimethylhexa-2-ene (pentamer of TFE) (36) over glass beads at 500°C gave perfluoro-
2,3-dimethyl penta-1,3-diene (35) and its cyclised product. 
10 
(35) 
SO% 10% 
(scheme 1,15) 
They have recently claimed flash vacuum thermolysis of (36) at 500°C ned to the 
same products in a different ratio38. 
Defluorination of fluorinated alkanes and alkenes over activated carbon at high 
temperature has been claimed by Du lPont39,40, providing their corresponding dienes. 
When perfluoro-2,3-dimethylbutane (37) and (31) were heated at 300-400°C with 
activated carbon, an amorphous carbon having high absorptivity for gases, vapours and 
colloidal solids, diene (33) and (34) were obtained as the main products. 
activated 
__ carno __ n_--c:>F3C'F(CF3 
300-400°C F3C CF3 
+ F3~HCF3 
F2C CF2 
(37) 20% 20% (33) 
F 
FsC2)c ~c (CF3 
activated 
carbon F3c~F3 20% 
F3C C2F5 
E,Z isomers 
~CF3 
3 F 
(31) (34) 
(scheme 1,16) 
b) Defluorination by zinc - as described before, dechlorination by zinc has been 
largely studied However, defluorination by zinc has been rarely demonstrated. Recently 
the defluorination of he:xafluorobicyclo [ 4,4,0] deca-1-ene (38) by activated zinc powder 
has been carried out in various solvents by Chinese researchers41. 
B 
Z111 dio){ana 00 71% 100uC 10h 
Zn CHaCN ro ro 100°C 11h + 00 16% 84% Zll1 DMF ro ro (38) 80"C 2h + ~ 
21% 79% 
OMs 
Zn MeOH ~ 34% reflux 14h (scheme 1,17) OMe 
The fact that perfluorodecalin could not be defluorinated under the same condition may 
imply that at least one preexisting double bond is necessary for the defluorination. 
c) Defluorination by organometallic compounds - it was reported42 that bis('Jl6-
arene) chromium (0) could oligomerise perfluoropropene catalytically at room temperature 
to give two dimers, two trimers, and the corresponding two defluorinated trimers. When 
one of the trimers obtained, perfluoro-3-ethyl-2,4-dimethylpent-2-ene(39), was treated 
with "Cr-H" species which was derived from p-CH3C6H4CrCh(THF)3/NaH or 
C6HsCrCl2(THF)3, the corresponding defluorinated dienes ( 40) and ( 41) were fonned43. 
F3C)=(CF(CF3)2 + 
F3C CF2CF3 
(39) 
"Cr-H" 
-78 C ...... r.t. 
12h 
C2Fs 
I 
F2C=C-C=C(CFa)2 
I 
CF3 
C2Fs 
I 
(40) 
F2C:::C-C=CFCF3 (41) 
I 
CF3 
combined yield 25-86% 
(scheme 1,18) 
It was suggested mat the hydrogenation of (39) ocurred as the ftrst step, being 
followed by spontaneous elimination of two molecular proportions of HF to give the 
dienes. It was also demonstrated that the hydrogen source for reductive defluorination of 
(39) was to be considered in the ligand of the catalyst through 116-rtl rearrangement. 
111 (scheme 1, 19) 
This "Cr-H" species was used for defluorination of perfluoro -.1,9(10) decalin 
[hexafluorobicyclo[ 4,4,0]deca-1-ene (38)] into the corresponding dienes43. 
120 + "Cr-H" 
(38) 
THF 
0 I;> 
-18 C ~ r.t. 
83% (scheme 1 ,20) 
More recently, the researchers in Du Ponr44 have reported that divalent lanthanoid 
complexes MCp2*L (M = Yb, Eu, Sm; L = Et20 or THF, Cp* = 115-
methylcyclopentadienyl, L = TIIF) rapidly defluorinate a variety of fluorinated alkenes. 
Each of the lantharoid complexes MCp2*0Et2 (M = Yb, Sm, Eu) and YbCp2'0Et2 
reacted with a trimer of hexafluoropropene (39) on its isomer in toluene at 25°C, yielding 
dienes (40), (41) and triene (42). 
The driving forces for such reactions should be a negative reduction potential of 
the metal ions, augmented by the formation of a very strong lanthanoid-fluorine bond 
13 
1.2.3 By fluoride ion induced isomerisation 
Thermal equilibrium exists between perfluorocyclobutene (43) and 
perfluorobute-1,3-diene (2?), as it does with the hydrocarbon analogues but is 
predominantly on the side of perfluorocyclobutene, which is opposite to the case of the 
hydrocarbons45,46. 
F. )0 
IF (scheme 1,22) 
(43) 
When caesium or potassium fluoride are used at moderate temperature, 
perfluorocyclobutene (43) is converted into perfluoro-3-butyne47. Heating trimer of 
hexafluorobutene48(44) with caesium or potassium fluoride at 300°C gives the 
corresponding isomer (45) quantitatively49. 
F [~1 J!] 
~quantitatively 
F3C CF3 
(44) (45) 
(scheme 1,23) 
More interestingly, passage of dimer (26) over potassium fluoride at 510°C gives 
(46) in ca. 70% yield49. 
~~ 
(26) 
(scheme 1,24) 
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lPerfluorohexa-1,5-diene(2) is readily isomerised by caesium fluoride at room 
temperature to give perfluorohexa-2,4-diene quamitatively50. 
cis, cis ; 22% 
~00% 
cis, trans ; 64% 
trans, trans ; ~ 4% 
(scheme 1,25) 
1.2.4 By cycloaddition 
The thermal cycloaddition of 1,1,4,4-tetrafluoro-buta-1,3-diene (47) with 
tetrahaloethylene lead to the 1:1 adduct. Dehydrohalogenation was carried out with Ag20 
in EtOH to give (48), which further reacted with chlorotrifluoroethylene at 185°C, 
yielding fluorinated bicyclobutenyl derivatives ( 49)51. 
+ CF:zc:CXV 
X,Y: Cl or Br 
1.2.5 By fluorination of hydrocarbons 
55% (49) 
CF,.,cFCI ! 111s"C 
Cl 
(scheme 1,26) ~ 
X (49) 
Potassium tetrafluoro cobalt is milder than cobalt trifluoride for 
fluorination of benzene and some aliphatic compounds 52. Coe and coworkers53,54 
reported a variety of methods for the fluorination of hydrocarbon aromatics by KCoF4, 
which led to some unsaturated fluorocarbons, including dienes. 
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22% 19% 
(scheme 1 ,27) +~ 
43% 
1.2.6 By decarboxylation 
Haszeldine55 reported that pyrolysis of anhydrous disodium octafluoro 
adipates (50) gave a perfluoro-but-1,3-diene (25). 
Na~CCF2CF2CF2CF2C~Na 
(50) 
CF2=CFCF=CF2 
(25) 
(scheme 1 ,28) 
This method has been applied to the synthesis of perfluorovinylethers and 
divinylethers56, which are nowadays very important for fluoropolymer industries. 
1.2. 7 By chain-extension reaction 
Chain-extension or hemolongation reactions are widely demonstrated in 
organic synthesis. Burton and coworkers57,58 have claimed the first example of a 
difluoromethylene (CF2) chain-extension reaction that retains the precursor functionality 
to give fluorinated dienes. 
When bromodifluoromethyl triphenyl phosphonium bromide (51), which is 
formed by the reaction of dibromo-difluoromethane and triphenyl phosphine59, is treated 
with 2-phenyl fluorobutene (52) in the presence of mercury, the chain-extended 
phosphonium salt (53) is formed in good yield. Subsequent hydrolysis of (53) with H20 
gives mainly 3-phenyl-perfluoropenta-1 ,3-diene (54). 
16 
(scheme 1,29) 
CFpCFC(Ph)=CFCF3 
E : Z ; 8 : 'i (54) 
combined yield 62% 
Furthermore, they have applied this idea to another synthesis of fluorinated dienes 
via an analogs of the Wittig Reaction60. lFluorinated dienes (55) reacted with an excess of 
triphenyl-phosphine and dibromo-difluoromethane to give the respective diene (56) and 
enones (57). 
RC(O)(CF:zlnC(O)R + XS Ph3P + XS CF~2 
(55) 
n = 2,3 aetraglyme 
R = Csl-fo, ~ 
(scheme 1,30) 
1.3 Structure of Fluorinated Dienes 
F2C=C(R)(CF2)nC(R)=CF2 
(56) 
+ F2C=C(R)(CF2)nC(O)R 
(57) 
Perfluorobuta-1,3-diene (25) is the simplest fluorcarbon having a conjugated 
double oond and is a model of linear perfluoro conjugated oligomers and polymers. 
Therefore the structure of this diene has been investigated for many years61-69, being 
compared with that of buta-1,3-diene, which has two energy minima- a trans form and a 
skew cis form with torsion angle 30-4()0, (s-cis is defined as 0° and s-trans as 18()0)61,62. 
The first report of vibrational studies63 concerning diene(25) implied that the trans 
form does not exist, but was not able to observe the difference between the s-cis and 
skew-cis form. Brundle and Robin64 suggested their photoelectron and UV spectra 
supported a nonplanar structure and predicted a torsion angle of 42° ± 150 (C=C-C=C 
dihedral angle). An electron diffraction study by Bauer and coworkers65 was also 
consistent with a skew structure and the dihedral angle was calculated to be 47.40 ± 2.4o. 
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Recently, the vibrational spectrum of (25) has been assigned and is consistent with 
gauche structure (skew cis structure)66. 
skew cis 
The structure of (25) has also been examined by theoretical calculations67 -69. 
Most of their results are consistent with those by spectroscopic studies. 
1.4 Reaction of Fluorinated Dienes 
Reactions of nucleophiles with fluorinated alkenes are among the most important 
reactions in organic fluorine chemistry and they have been extensively investigated1,3. In 
contrast, those of fluorinated dienes have not been investigated thoroughly. 
In this section, some illustrative examples of reactions of fluorinated 'cyclic' and 
'acyclic' dienes will be described. 
1.4.1 Reactions with oxygen-containing nucleophiles 
Nucleophilic addition of primary alcohols to perfluorobut-1,3-diene(25) 
were reported for the flrst time by Knunyants and coworkers 70, who reported that, for 
example, the addition of ethanol to (25) in the presence of catalytic amount of 
triethylamine afforded 1-ethoxy-1,1,3,4,4,4-hexafluoro-but-2-ene (58) (1,2-addition)71. 
They assumed that triethyl-amine not only catalyses the addition of alcohol to (25) as 
base, but causes isomerisation of the original product (59) into (58). 
CF2=CF-CF=CF2 
(25) 
ElaN 
----t:::> CF2=CF-CFHCF20R 
addition (59) 
.._... _ __..!:> 
isomerisation 
CF3-CF=CHCF20R 
(58) 
(scheme 1,32) 
Recently, however, Dedellc and coworkers72 demonstrated that the addition of 
ethanol to (25) was more complicated in the presence of sodium alkoxidle as a catalyst. 
According to their study, the nucleophilic addition of ethanol to (25) gave a mixture of 
ethyl-4-ethoxy-3,4,4-trifluoro-2-butenoate (60);43%, diethyl-2-fluorofumarate (61); 
18%, and diethyl-2-ethoxy-2-butenedioate (62);32%. Similar products were obtained by 
the addition of methanol to (25), catalysed with sOOianm methoxide. 
[ ROCF~HFCHFCF20R ] 
RONa~ -HF 
[ ROCF2CF=CHCF20R ] 
ROH ! H20 ROCF2C(OR)=CHCOOR <::J (RONa) ROCF2C ::oCHCOO(~) 
I I H20 ~ H20 ~ 
ROOCC(OR)=CHCOOR ROOCCF=CHCOOR 
(62) (61) 
(scheme 1,33) 
The reactions consist of the sequence addition, elimination and hydrolysis. They also 
studied the nucleophilic reactions of non-conjugated fluorinated diene and triene with 
various oxygen containing nucleophiles 73. 
Perfluoro-2,3-dimethylbuta-1,3-diene (33) reacted with an excess of methanol to 
give a 1,2-addition product (63); 17%, and a substitution product (64 );39% 74. 
MeOH F3C~CF3 + 
F2C H CF20Me 
(63) 
17% (scheme 1,34) 39% 
1.4.2 Reactions with fluoride ion 
Perfluorobut-1,3-diene (25) is readily isomerised by fluoride ion to 
hexafluorobutyne. Similarly, perfluoro-penta-1,4-diene(66) is converted into the 
corresponding internal isomer75. 
F:zC=CF-CF=CF2 
(25) 
F2C..CF-CF2-FCcCF2 
(66) 
F2C=CF-CF~F2CF..CIF2 
(2) 
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F 
lllU solvsm 
no solvsm 
F 
FaC-C §C-CF3 
(65) 
FsC-C~Fs 
F3C-FC=C=CFCF3 
F3C-FC.,CF-CF=CF2 
F3C-CFcCF-CF=CF2 
(57) 
(schsme 35) 
Perfluoro-hexa-2,4-diene (67) can be obtained quantitatively by the fluoride ion induced 
isomerisation of perfluorohexa-1,5-diene (2) 76. 
][n the case of perfluoro-2,3-dimethylbuta-1,3-diene (33), however, dimerisation 
occurs very readily in the presence of caesium fluoride, giving dimers (68) and (69)77. 
The ratio of (68) and (69) is temperature dependent 
cis , trans (68) 
(schema 1,36) 
1.4.3 Reactions with antimo~ntaflurod~ 
Kt was reported by Russian workers 78 that tlle double bond im higher 
perfluoroalkenes is readily shifted from position 1 to 2 in due presence of antimony 
pentafluoride. In the same manner. perfluoroocta-1,7-diene (70) isomerises 
quantitatively at lower temperature to perfluoroocta-2,6-diene (71). with the preferred 
trans-trans structure 78. 
When (71) is heated with ahree moW' equivalents of antimony pentafluoride at 90-
1000C, (71) is internally cyclised to give (72). 
F2C=CF-(CF2)4-CF=CF2 
(70) 
F3CCF=CF-CF2CF2-CF=CFCF3 
(71) 
(scheme 1 ,37) 
They subsequently reported that a variety of perfluorodienes underwent the same 
isomerisation and intramolecular cyclisation on heating with SbFs80. They proposed the 
reaction mechanism of these reactions as follows: 
(70) SbFs r:> (71) SbFs r.> F5C2-CF=CF-CFz-CF=CF-CF3 (73) ! SbFs 
~ F:¢h: F f-i+F F, J [ Ftt~~ F _ ] + <a- D + ~ SbnF5n 1 5C2 CF3 F5C2 CF F C ' · CF + F F f F s 2 FF 3 
lsbFs 
+ (scheme 1 ,38) 
(74) 
(72) 
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The fmt and second stages are clearly the iromerisation of (70) into (73). At the 
next stage, the perfluoropentadienyl cation (74) is generated lby an excess of SblFs, 
followed by 1,5-cyclisation and another isomerisation giving (72)80. 
When perfluoropenta-1,3-diene (75), which is obtained by the isomerisation of 
perfluoropenta-1,4-diene (66) by SbFs, is heated with an excess of SbFs, it does not 
afford intramolecular cyclisation but cyclOOimerisesOO to give (76). 
F2C=CF-CF2-CF=CIF2 
(65) 
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2.1 Intro<iuction 
2.1.1 Oligomerisation of flu.orinated alkenes 
Fluoride ion induced reactions of fluorinated alkenes have been extensively 
investigated 1 because: 
(a) These reactions form an analogy with reactions between protons and 
unsaturated hydrocarbons. 
(b) A carbanion is generated during these reactions which was first 
established by Miller and coworkers81, and was later shown as a very good 
method to build up carbon-carbon bonds. 
For example, tetrafluoroethylene is readily oligomerised in the presence of 
fluoride ion to give a range of oligomers82.83. The system is quite complex, as illustrated 
in Scheme 2, 1. 
Hexafluoropropene is also oligomerised by fluoride ions to yield a variety of 
oligomers84,85. 
Chambers and coworkers86-88 have demonstrated a variety of reactions of 
fluorinated cycloalk:enes induced by fluoride ion, e.g. oligomerisation and co-
oligomerisation of fluorinated cycloalkenes, giving very interesting fluorinated alkenes. 
Table 1 illustrates some of their studies. 
Among them, dimers of perfluorocyclobutene(43) and its isomer (26) are 
particularly interesting because of their angle strain and susceptibility to nucleophilic 
attack. Dimer of perfluorocyclopentene (27) can be considered to have less angle strain 
than (26). This part describes the synthesis of some fluorinated cyclic alk:enes as the 
precursor for diene synthesis. 
Scheme 2,1 
F-
CF2=CF2 ~ 
(a) 
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(a) 
CF3CF£ 
(b) 
===-[;::> 
-(CF3)~F 
(d) 
---{> 
(e) 
CF3CF2CF=CF2 
·F t SN2' 
CF3CF=CFCF3 
(C) 
(31) 
(scheme 2,1) 
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Table 1. Oligomerisations Of Various Fluorinated Alkanes 
Substrate Conditions Products Reference 
[!] CsF, r. t. [~26~11 34) 
? Triinar 
(!) CsF, 12S0C l ~ 11 88) sulpholane (27) 
1!11 CsF, r. t. ~c(CF3 + DMF 34) 
CF3CF=CFCF3 C2Fs 
0 CsF, 150°C 050 34) DMF 
2.1.2 Reductiyedefluorination 
The double bond of the fluorinated alkenes is extremely electron poor, 
therefore it would not be very difficult to accept an electron on the anti-bonding orbital of 
the double bond. For example, an electron transfer may take place at the cathode on 
electrochemical reduction or on contact with an electron donating reagent23. Both of 
these applications have been explored in the present work as a possible route to dienes by 
defluorination. 
2.1.2.1 Electrochemical clefluorination 
Pedler and coworkers89 reported that perfluorocyclohexa-1,3- and -1,4-
dienes can be defluorinated by electrolytic reduction at a mercury cathode to give 
hexafluorobenzene in high yield 
Hg (scheme 2,2) 
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They suggested the followilllg mechanism for tthe reactions involving a 
series of one-electron transfer steps. 
(Scheme 2,3) 
~ vo 
Knunyants and coworkers23 claimed that cathodic reduction of perfluoro-2-
methyl-2-pentene (20) leads to 2-hydro-perfluoro-2-methyl-3-pentene (79) in a proton 
donating medium or to the reductive coupling dimerisation to give two products (81) and 
(82). The proposed reaction mechanism includes (i) a transfer of an electron to (20), (ii) 
the simultaneous elimination of fluoride ion giving the radical (77), and (iii) another 
transfer of an electron, generating the allylic carbanion (78). 
][n order to stabilise (78), either a proton may be abstracted from the solvent to 
give (79), or (78) may be attacked by the starting alkene in aprotic solvent accompanying 
an internal nucleophilic substitution reaction to give (80). Compound (80) is further 
isomerised by fluoride ion or defluorinated, yielding (81) and (82) respectively. 
Scheme 4 
(F3C)2C=CFCF3 
(20) 
or 
(F3C)2C=CF-CF=CF2 
26 
(F3C)~::C-CF3 
(85) I I 
(F3C)~-GF-C2Fs 
(F3C)2C=C-C-CF3 
(86) I II 
(F3C)2C-C-C2Fs 
(F3C)2C=C-GF-GF3 
I I 
(F3C)~-CF-C2Fs 
(84) 
No further defluorination of (78) occurred to give the corresponding diene or 
allene. 
Electrochemical reactions of fluorinated compounds have also been studied in this 
laboratory90,91. It should be noted that lustrous blue-black polymers were obtained by 
the electrochemical reactions of perfluorocyclobutene(43) or pentene(86), and 
mechanisms involving electrochemical defluorination have been suggested92. Also low 
yields of diene (34) were obtained in the electrochemical reduction of the tetramer (31). It 
is extremely difficult to control the reaction conditions accurately and perform preparative-
scale electrochemistry, therefore we have explored chemical methods for defluorination 
that would 'mimic' electrochemistry involving electron transfer processes. 
2.1.2.2 
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[£] (i) (li) [ ():{:}. ~· t > 
(43) 
0 ~) (fi) [(~): ~N·L > 
(86) 
(i) Pi or Hg cathode, divided cell, C~Ci\! or DMF. 1Ei4i\!BF4 
(ii) -1.9V(saturatad calomel alactmda) (schema 2,5) 
Detluorination by electtpn donating rea~ 
Russian researchers23 have shown that sodium-naphthalene, detluorinates 
and dimerises (20) in monoglyme to give the same product (81) and (82) (see Scheme 
2,4). Recently Chinese researchers41 have claimed that activated zinc can detluorinate 
some fluorinated cyclicalkenes to give the corresponding detluorinated products. These 
reagents probably donate electrons to fluorinated substrates, causing detluorination. We 
have explored the pyrolytic defluorination of cycloalkene derivatives (26) and (27)34.35 
(see Chapter 1), but this approach can be limited on scale-up, more seriously 
accompanied by fragmentation and isomerisation. 
Following, however, is an effective electro-mimetic procedure to synthesise 
fluorinated dienes using sodium amalgam91.93. 
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2.2 Discussion 
2.2.1 lPreparation of the die..ne :grecursor 
2.2.2.1 Oligomerisati~n of perfluorocyclobutene 
There are two reactions to provide the diene (26); either with caesium 
fluoride or with pyridine from perfluoro cyclobutene(43)34,86,87. As reported previously, 
pyridine-induced oligomerisation gave dimers (26) in better yield than fluoride ion. The 
mechanism of pyridine and fluoride ion induced oligomerisation is shown in Scheme 
2,634,86,88. 
The reason the pyridine induced oligomerisation gives the dimers (26) in better yield can 
be explained as follows: 
(i) The reaction rate between the ylide (83) and the dimer (26) can be limited 
by steric hindrance; therefore the reaction rate of generating timer ( 44) is fairly slow. 
(ii) The carbanion (84) is readily generated by fluoride ion and is very stable. 
This can be observed by 19f-NMR at room temperature94. Therefore (84) readily reacts 
with perfluorocyclobutene to give trimer (85). It should be pointed out that each system 
gives a different trimer. It was reported that fluoride ion induced oligomerisation of (43) 
leads to trimer (85) and a small amount of its isomer which had not been fully 
characterised (87). In the present work this was separated by preparative gas 
chromatography and characterised by 19f-NMR as trimer (44). It was probably 
produced via the following pathway (scheme 2,7). 
The ratio of trimer (44) and (85) by fluoride ion is dependent on the reaction 
conditions. 
(!] (;v-F-
0====<? ~ 
n ~ (26) 
~ 
F" jt 
~ (84) 
(43)! -F" 
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iEJ (43) 
:/ ~ridine 
~ o(F-
! 
[~ 
~No (83) I ~ 
! (43) 
-F-
<l ~ N{- -
0 
pyridine <?====<? 1 (26) 
(83)! 
~ 
(85) 
F 
(scheme 2,6) 
~~-~ 
(44) 
Scheme 2,7 
<?====<? 
(26) 
(scheme 2,7) 
2.2.1.2 Dimerisation of perfluorocyclopentene 
According to the literature88, perfluorocyclopentene (86) is dimerised in 
sulpholane at l25°C to give perfluoro-bicyclopentylidene (27) in high yield(- 80%). 
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Indeed, the reaction proceeded very well if it was done using a Carius tube and an oil bath 
rotation system (yield -75%). 
~ CsF, 125°C Qr0 yield ... 75% sulpholane (27) 
(86) (27) F-1~ 
-
F" 0 (86) 0=0 0=0 (86) ===-{::> ==C> ===-!>-
(scheme 2,8) 
However, when the reaction was scaled up using an autoclave under the same conditions, 
the yield was very poor (less than 30%) in spite of using dry caesium fluoride and dry 
sulpholane. 
The reason was probably inadequate agitation. In the rocking system good 
agitation could not be achieved. 
2.2.1.3 Co-oligomerisation of perfluorocyclobutene and perfluorocyclopentene 
Perfluorocyclopentene (86) does not form oligomers with pyridine34,87 
because the fluoride ion which is produced could either lead to ylide formation or may 
also attack a carbon adjacent to nitrogen causing ring opening of the pyridine ring to 
mainly give a black tar. However, a mixture of (86) and other perfluoroalkenes in DMF 
using pyridine gives a range of oligomers34,87. As reported previously pyridine induced 
reaction of (86) with perfluorocyclobutene (43) at room temperature to give (87) and 
oligomers of ( 43). 
The isolation of (87) was attempted by distillation from the reaction mixture but it 
has not been very successful (no more than 83% pure). 
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(a) 
0 
(86) 
pyridine ~ F- (a) ~-===It:> . F ~ ~ 
F~ N-t ~ 
(b) 0 ~ 
iormatlon of ylids 
pyridine ring opening 
excess (86)) + [!] pyridine, r. t DMF ~ + ollgomers of (43) [ (26) + (44) ] 
(43) (87) 
overall yield 8% (scheme 2,9) 
This product would be expected to be intermediate in reactivity compared with 
compounds (26) and (27). It would, perhaps, be interesting to confirm this. 
2.2.2 
2.2.2.1 
Attempted defluorination 
Sodium amalgam system 
It was reponed91 that potassium amalgam is able to reduce fluorinated 
cycloalkenes such as (43) and (86) to give blue-black coloured polymer in the same 
manner as those demonstrated electrochemically. We have recently developed a new 
defluorination system using sodium amalgam91,94,95. This Chapter describes more 
investigation of this system and some other attempted defluorinations of fluorinated 
alkenes which have been described in 2.2.1. 
a) Reduction of perfluorobicyclobutylidene and perfluoro-1-cyclobutylcyclo-
butylidene (26) - reduction of (26) with sodium amalgam caused defluorination 
to give perfluorobicyclobut-1,1'-enyl (29) in 83% yield, 98% conversion. The reaction 
was extremely exothermic. The mechanism for this reaction is shown in Scheme 2, 10. 
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~ 
~ 
(88) ~ 
F- F ~F y 
(scheme 2,1 0) 
One electron transfer from sodium amalgam to (26) may produce the radical anion 
(88) and, simultaneously, a fluoride ion is eliminated. Another electron donation causes 
one more elimination of a fluoride ion to give (29). When the reaction was completed, a 
fine black solid was produced on the top of the mercury layer. This would probably be a 
mixture of sodium fluoride, mercury and the carbon black which was produced by further 
defluorination of a small amount of (29). The same black solid was obtained by 
defluorination of other alkenes. 
b) Reduction of perfluorobicyclopeotylidene C27) - compound (27) was 
defluorinated by sodium amalgam to give perfluorobicyclopent-1,1'-enyl (8) as the only 
product 
0=0 Na/Hg ~ 
(27) (8) 
The reaction may proceed in the same manner as that of (29). 
conv. 97% 
yield 84% 
(scheme 2,11) 
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c) Reduction ofperfluoro-1-cyclobutylidene-cyclopentene (87) - a mixture of80% 
(87) and 20% (26) underwent defluorination with sodium amalgam to yield a mixture of 
perfluoro-1-cyclobutenyl-1-cyclopentene (89) and (29). 
~ Na/Hg 0===¢ conv. 92% 
(87) (89) (scheme 2,12) 
d) Reaction conditions - in order to optimise the yield of dienes, a series of 
experiments was carried out, altering the reaction conditions. The ratio of sodium to 
mercury was kept at 0.49-0.60 w/w% which has been shown to be the optimum ratio95. 
When the ratio of sodium to fluorinated alkenes (26) or (27) was in the range of 
2.5:1- 2.8:1, both the yield and the conversion seemed to be maximised. In addition the 
following should be taken into account. 
(i) There is a 1 V difference of reduction potential between alkenes (26), (27) 
and the corresponding diene (29), (8)91. 
(ii) The dienes themselves will react further with sodium amalgam if an excess 
is present. 
(iii) The selectivity is remarkable because, in principle, we would not 
anticipate isolating such high yields of the dienes. 
(iv) The process is 
Na/Hg 
alkene eli 
===<( diene : ~:position prOOucts 
(vigorous after the initial stage) 
Therefore an excess of alkene present over diene is essential. 
(v) The points indicated above explain why it is necessary to add the alkene all 
at once to the Na/Hg. This severely restricts the scale of the process for 
safety reasons. 
e) Purification of the dienes - the dienes (29) and (8) have been purified by 
preparative gas chromatography but this method is very inefficient and very time 
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consuming. Interestingly, it was found that the dienes (29) and (8) have their melting 
points at ca. 0°C and 5°C respectively. Their precursors have lower melting points (less 
than -10°C). Therefore, (29), and (8) can be readily purified by cooling down in either a 
refrigerator or a freezer. For example, the mixture of (27) and (8) (ratio 52:48) was 
cooled down to -l5°C and kept for ca. 2 hours. Compound (8) gradually crystalised and 
was isolated by flltration at lower temperatures (5:95) . Compound (29) was also purified 
by the same procedure. 
t) Reduction of other fluorinated cycloalkenes - reduction of other fluorinated 
alkenes such as (44) and (85) with sodium amalgam was attempted. In each case only 
starting material was recovered. The reaction itself was exothermic and a black solid was 
produced. A small amounts of the substrates would be defluorinated first and 
subsequently further reduction must have occurred to finally give a carbon black. These 
two alkenes have higher reduction potentials than (26) and (27)91, and therefore it is more 
difficult to do defluorination. 
Na/Hg 
60% recovery of (44) 
Na/Hg 
85% recovery of (85) 
(85) (scheme 2,13) 
2.2.2.2 Zinc induced defluorination 
As described before, it has been reponed41 that activated zinc can be used 
to defluorinate perfluorobicyclo[ 4.4.0]dec-1 (b )-ene (38) to give a variety of the 
defluorinated products. Zinc plays a role as an electron donating reagent 
Zinc induced reduction of (26) and (31) was attempted using dioxane as solvent. 
Zinc was activated by HCVacetone before use. At room temperature and 80°C no reaction 
occurred. 
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activated Zn 
no reaction 50% recovery 
activated Zn 
no reaction 67% recovery 
dioxane 1 r, t.-c> 80°C 
(scheme 2,14) 
2.2.2.3 The tetrakis(dimethylarninolethyleneiTDAEl system 
Tetrakis(dimethylamino)ethylene (TDAE) (90) and its analogs are known 
as strong electron donating agents97,98. Therefore, the chemistry of these compounds is 
dominated by redox reactions. They give up some of their electrons to an oxidising 
agent. 
Oxidising agents such as halogen96,99, silverlOO, carbon tetrachloride99, and 
tetracyanoethylene99 (TCNE) withdraw two electrons from TDAE (90). TDAE (90) is 
then converted into the corresponding dication TDAE2+ (91), the octamethyl-
oxamidinium ion. For example, when TDAE (90) and TCNE (92) are mixed in 
acetronitrile at 0°C, octamethyl-oxamidinium bis(tetracyanoethylenide) is formed99. 
TCNE (92) [ (H3C)2N)-L(N(CH3)2 NC}i-(CN l (H3CkN N(CH3)2 NC CN 
(91) ! 
(scheme 2,15) 
2+ 
( 
(H3C)2~~:(CH3h ' 
(H3C)2N N(CH3)2 ) (
NC>=<CN)-
NC CN 2 
TDAE2+ (91) 
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Xt was also reported 101 that TDAE (90) reacts with polyhalogenated compounds 
either by replacing a single halogen atom with a hydrogen atom or by removing two 
vicinal halogens to form the corresponding alkene. Dechlorination of perchloroethane 
takes place in the analogous manner to the sodium amalgam system; two sets of electron 
transfer and subsequent elimination of chloride ion. The relative ease of halogen removal 
appears to be in the order of X > Br > Cl > F and increases with the number of halogens 
attached to a given carbon97. 
This analogy prompted us to study if IDAE (90) can defluorinate 
fluorinated alkenes or even fluorinated alkanes. 
2.2.2.4 Reduction by TDAE (90) 
(a) Reduction of perfluoro-3.4-dimethyl-hex-3-ene (31) - compound (31) can be 
defluorinated by sodium amalgam to give the corresponding diene (34) in 70% 
yield91,93,95. Remarkably, IDAE (90) defluorinated (31) in dichloromethane at 0°C to 
give (34) in 64% yield. The addition ofiDAE to (31) in CH2Cl2 caused an immediate 
colour change to dark red. When the solution was allowed to stand at room temperature 
the colour gradually turned to orange. More interestingly (34) was separated as a bottom 
layer and was readily collected. 
Z, E isomers 
(31) 
TDAE (90) 
(34) 
The mechanism for this reaction is outlined in Scheme 2,17. 
conv. 95% 
yield 64% 
(scheme 2,16) 
The one electron transfer from IDAE (90) to (31) causes almost simultaneous 
elimination of fluoride ion and, subsequently, another electron transfer and fluoride ion 
elimination takes place to yield (34) and octamethyl-oxamidinium difluoride (92), which 
will be discussed in detail later. 
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(31) + TDAE (90) ===:::::> F){\ + [TDAE] + ~ ! -F-
~ + [IDAE] + F-
F 
CF3 CF3 
-}==[ - [TDAE] 2+ 2F-
F3Cf "f=CF3 + 
F F (34) (92) 
(scheme 2, 17) 
(b) Reduction of (31) without solvent (with J Vaughan) - the diene (34) obtained is 
not completely insoluble, therefore some loss of (34) cannot be avoided when a solvent is 
used for TDAE reduction. 
The slow addition ofTDAE (90) to (31) itself at 0°C resulted in the formation of a 
dark orange solid. Remarkably, transferring volatiles from this system in vacuum gave 
diene (34) in much better yield (83%) than the reduction in CH2Cl2. 
(31) + TDAE(90) 
no solvent 
(34) conv. 95% 
yield 83% 
(scheme 2,18) 
c) Reduction of perfluoro-1.2-dicyclobutyl-cyclobut-1-ene (44) - the reduction of 
trimer (44) by sodium amalgam does not lead to the corresponding diene. Surprisingly, 
however, IDAE (90) defluorinated some of the (44) in CH2Cl2 at 0°C to give not only 
the diene (93) but the triene (94). 
7 
60% recovery 
of (44) 
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(scheme 2,19) 
+A 
v 
low yield 
(94)) 
As shown in Scheme 2,20 trimer (44) is defluorinated to give (95) which is 
readily isomerised by fluoride ion to (93). Then these dienes are further reduced to triene 
(94). BF30Et2 was added to this solution after the completion of the reaction in order to 
recover diene (93) and triene (94) since the carbanions of (93) and (94) were considered 
to be readily produced by fluoride ion in the solution. The yield of (93) and (94) was 
quite low (less than 20%). They are only observed as a mixture by 19F-NMR. It has not 
yet been possible to isolate them. Trimer (44) is more viscous than other fluorinated 
alkenes such as (26) and (27) . Therefore, it is more difficult to disperse it 
homogeneously into sodium amalgam by shaking. As a result only part of (44) can 
contact sodium amalgam to undergo defluorination, giving carbon black (completely 
defluorinated) and the starting trimer (44). 
On the other hand reduction with TDAE (90) is carried out in CH2Cl2 in spite of 
trimer (44) being insoluble in CH2C12. Trimer(44) and TDAE (90) can contact each other 
more readily. Furthermore, the defluorinated products may either react with TDAE2+2F-
(92) to give the corresponding stable carbanion, or react with TDAE (90) itself to 
possibly yield a further product. 
The neat reaction of (44) with TDAE (90) was attempted, however the volatile 
recovered was found to be the starting material (44). 
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~ ~ -F- if\ ==C> ====t:> 
(~) 
+e-! 
F-~ <J=== ""V"' ~ F F 
(93) (95) 
/ 
(scheme 2,20) 
(94) .m. <l ~ [E] 
2.2.2.5 Reduction of other fluorinated alkenes and alkanes 
Defluorination of fluorinated alkenes (85) and (36) and alkanes (96)-(98) 
was attempted under the same conditions. However, only the starting material was 
observed by 19f-NMR in each case. 
~ ~~F 00 0CF3 ~ FsC2 CFa FaC C2F5 CF3 F7C3 0 C3F7 
(85) (36) (96) (97) (98) 
(scheme 2,21) 
Each alkene has a double bond to hold an electron which is given by IDAE (90). 
Compound (36) does not have any allyl fluorines to be eliminated. Trimer (85) does have 
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them, therefore, it could have been defluorinated but the expected structure of the 
corresponding diene (99) would have great angle strain and be extremely unstable. 
~ -~ -F- ~ +e t:> t:> F - F 0 
(85) 
.e"! (scheme 2,22) 
(99a) (99b) 
Fluorinated alkanes (96)-(98) do not have double bonds but tertia! fluorines which 
seem to be more readily eliminated than other C-F bonds. Despite heating the mixture of 
each alkene and IDAE in a sealed tube up to 100°C, no reactions took place. 
2.2.2.6 The preferable structure for defluorination 
Let us consider the possible structures that would allow defluorination to 
be effected by either sodium amalgam or TDAE. From the results above two kinds of 
structures, (100) and (101), can be proposed as suitable compounds. 
(100) and (101) can be defluorinated to give the corresponding dienes (102) and 
(103) respectively. The simplest compounds with each structure would be perfluoro-2,3-
dimethyl-hex-1-ene (104) and perfluoro-3, 4-dimethyl-hex-3-ene (31). 
The analogues of (100) are (26a) and (27) and the analogues of (101) can be 
(26b). 
Rf1 Rf4 Rf5~Rf8 
Rf6 1Af7 
(100) 
Rf1 , Ri4 = CnF2n+1(~1) 
{ 
Rfs, Rfs"' CnF2n+1(112:1) 
Rfs = F, ~6 = CnF2n+1(1'21) 
{
Rf7, Rfa =CnF2n+1(m:1) 
or 
Rf7 = F, Rfa = CnF2n+1(m:1) 
Rf1~Rf1 Rf4 
- Rf3 
Rf Rf 5 (102) 
~- t 
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Rf3 , Rf4 ., F or CnF2n+ 1 (~1) 
Rfs = CnF2n+1(~1) 
{ 
Rfg = F, :.10 = CnF2n+1(m:1) 
Rfg, Rf1o = CnF2n+1(~1) 
(scheme 2,23) 
(100) 
F3C~C2F5 
F5C{ CF3 
E,Z isomer 
(32) 
~ (26a) 
~ (27) 
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(101) 
FF<CF3 
F CF CF2CF3 Q 
CF3 
(1 04) 
0==<? (26b) 
(scheme 2,24) 
2.2.2.7 Attemptto isolate octamethyloxamidinium difluoride <92) 
The TDAE salts, octamethyl oximidinium salts [TDAE]2+ X 2 are obtained 
by oxidation of TDA£98, e g with halogen X2 (X= Cl, Br, !)99, C~.(X = Cl, Br, 
1)99,101, Co2(CO)gl02 in organic solvents or by metathetic reaction from [IDAE]2+ X2 
(X-= 0, Br, I). Surprisingly, the fluoride salt has not been previously characterised 
However, during the reduction of (31) with TDAE (90), octamethyl oxamidinium 
difluoride must have been produced. 
Fa~C2Fs 
F5C2 CF3 
E, Z isomers 
(31) 
+ TDAE t::> 
rfc -t> r. t. [ ]
2+ 
MeN NMe 
Diene (34) + 2 :H: 2 2F-
Me2N NMe2 
(scheme 2,25) (92) 
In fact, a solid was precipitated during the reaction . This solid was filtered and 
washed with CH2Cl2 to give a white solid, which was soluble in 020. lH-NMR 
spectrum of 020 solution of this solid showed two signals of equal intensity (B = 3.30 
ppm, 3.58 ppm). This is consistent with the literature data99 that also shows the same 
spectrum (2.90 ppm, 3.18 ppm, acetonitrile) ofTDAE2+, whereas TDAE (90) gives only 
one sharp signal at 8 = 2.55 ppm104. The dimethylamino groups can evidently rotate 
about the C-N bond in TDAE (90) and this rotation is rapid on the NMR scale. However 
this rotation can be interrupted in TDAE2+ due to the high C-N bond order97,98. 
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19F-NMR spectrum showed one sharp signal at -130.3ppm .Caesium fluoride 
and tert-nJBU4N?F- in water have sharp signals at -116.9 ppm, -119.6 ppm respectively. 
From these results probably cctamethyloxamidinium difluoride (92) could be produced 
during the defluorination reaction. Elemental analysis of (92) was unsatisfactory because 
(92) is very hygroscopic. This is the first example of the isolation of 
cctamethyloximidinium difluoride (92). 
2.3 Structures of diene__s (29) and (81 
Table 2,3 shows C=C stretching vibrations in llR. spectra for various dienes. 
Table 2,3. lA C=C stretching vibrationsfordienes 
Compound Frequency(cm-1) Reference 
CH2=CH-CH ... CH2 1600 106) 
CH2-CH-CH:::CHCH3 1650 106) 
1600 
CF2=CF-CF=CF2 (25) 1795 66) 
1765 
~(29) 1750 
1670 
e-=0(8) 1720 
1660 
The olefinic bond stretching vibration in conjugated dienes without a centre of symmetry, 
such as penta-1,3-diene, give two C=C stretching bands)05 
As described in Chapter 1, perfluorobut-1,3-diene (25) has the skew cis structure 
and the two C=C stretching bands account for the fact that (25) is an unsymmetrical 
diene. Both spectra of (29) and (8) show the two C=C stretching bands, which may 
indicate that they are unsymmetrical. 
Table 2,4 displays UV absorption data for various conjugated dienes. It is known 
that buta-1,3-diene has the s-trans-planar conformation with the minimum energy leve1.67 
Therefore the 1t-orbitals are effectively overlapped. High molar absorptivity can account 
for this fact As expected (25) has a considerably lower molar absorptivity since the 
overlap of the x-orbitals is partially destroyed due to its skew-cis structure. However 
(29) and (8) are characterised by high molar absorptivities, 18,800 and 10,900 
respectively. These results therefore suggest that (29) has nearly either the s-cis planar or 
s-trans planar conformation. Theoretical calculation shows that (29) may have both 
conformations without interaction between 2 vinylic fluorines and, more importantly, 
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(29) may keep the eight carbon atom skeleton planar. In contrast it is assumed by 
theoretical calculation iliat (8) may have tlle skew-cis conformation with a torsional angle 
of 65°C, which is in fair agreement with the significantly lower molar absorptivity. 
Therefore, from looth m and UV analysis, we conclude that (29) has a coplanar s-
trans conformation, whereas (8) has a slightly distorted skew-cis conformation shown 
below. 
Tabla 2,4. UV mbsorption data for various conjugated dianes 
Compound 
CH2=CH-CH=CH2 
0 
CF2=CF-CF..CF2 (25) 
~ 
~ 
CF3 CF3 F~F 
CF3 CF3 
s trans 
(29) 
n <> no li"ansition 
Amu(nm) 
217 
255 
205 
215 
277 
278 
234 
£mall 
21,000 
8,000 
2,800 
1,350 
18,800 
10,900 
272 
skew cis 
(8) 
Rafarance 
56) 
56) 
25) 
2.4 SummatY 
We have shown that the sodium analgam system is a very useful meilioo of 
synthesising some cyclic and acyclic fluorinated dienes in morlerate yield and conversion 
from fluorinated alkenes. However, mere is still some limitation by this method. 
Tetralds(dimethylamino)ethylene IDAE (90) has also been shown to be a useful 
reagent for synthesising, in particular, diene (34) m good yield. The reaction procedure is 
so simple and easy to manipulate that it can be readily scaled up. The factors affecting 
efficient defluorinationto give dienes, has been explored, but further investigation is 
necessary to establish the limit of the processes. 
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REACTKON§ OF IFLUOlUNA'li'ElDl ll:HENE§ Wl!1l'H VARliOU§ 
NlUCJLEOlPJH!][JLJE§ 
3.1 futroduction 
The reactions of a variety of nucleophiles with fluorinated alkenes have 
been reported1-3,106. We have previously reported the synthesis of novel fluorinated 
alkenes (see Chapter 2) and studied a range of nucleophilic reactions of them84,107 which 
we intend to investigate. Before discussing nucleophilic reactions of fluorinated dienes, it 
is important and useful to again summarise nucleophilic attack on fluorinated alkenes 
because it would be anticipated that nucleophilic reactions of fluorinated dienes should 
obey the same rules. 
3 .1.1 Nucleophilic attack on fluorinated alkenes 
3.1.1.1 Reactivity and orientation 1,3,108 
There are two factors to be taken into account, one of which is how 
fluorine or perfluorinated alkyl group (Rf) influences the double bonds of fluorinated 
alkenes, the other is the effect on the carbanionic intermediates which can be generated by 
attack of nucleophiles on fluorinated alkenes. 
Rf1 Rf3 I I 
Nuc~O= C-
I I 
Rf2 Rf4 
Despite the great electro-negativitiy of fluorine (inductive -Icr effect), when 
fluorine is directly attached to a carbanionic centre the electron-pair repulsion ( + 17t) can 
affect inductive electron withdrawal (i.e. stabilisation). In contrast, perfluoroalkyl groups 
evidently show only the inductive stabilisation (- lcr). 
=C....,F 
-1 cr +Itt -1 cr 
When a carbanionic intermediate is generated by attack of a nucleophile, fluorine, 
which is directly attached to me carbanionic centre can cause electron-pair repulsion and 
offset electron withdrawal. The result may be slightly stabilising or destabilising, 
depending upon the geometry of the carbanionic species. On the other hand, a 
perfluoroalkyl group is strongly stabilising. 
=C=C>Ri 
-1 Cl 
These facts will account for the relative reactivity and the orientation of 
nucleophilic attack towards various fluorinated alkenes. 
Relative reactivity order toward nucleophiles 
(CFa)2;C=0=2 > CF:FC=Cf2 > CF~ 
!~- !~- t~-
F3C _ F)C F)C-c )t-CF2-Nu > -CF2-Nu > F3C F3C F 
Stability order of carbanions 
F~ 
.;v-CFrNu 
F3C 
(scheme 3,1) t ~­
CFaCF=CF2 > 
F~ /"'-CFCFa-Nu 
F3C 
CFaFC=CFCF:3 
Relative reactivity order toward nucleophiles 
F2-Nu 
This topic has been discussed from both experimental109,99 and theoretica1108,110 
points of view. 
However, there is insufficient justification to account for the greater reactivity of 
hexafluoropropene than perfluorobut-2-ene because the corresponding intermediates 
could have almost the same stability. 
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An alternative approach 111 to understand these different reactivities is to consider 
Frontier Orbitals. This approach implies that HOMO-LUMO interaction between 
nucleophile and fluorinated alkene respectively would be very important and electro-
negative perfluoroalkyl groups would lower the LUMO energy (the effect of the fluorine 
atom still remains ambiguous). Reducing LUMO energy, with increase of the number of 
perfluoroalkyl groups, increases reactivity, 
Nevertheless, reactivity towards nucleophiles is not simply dependent upon the 
number of perfluoroalkyl groups present, because structures such as (105) are the least 
reactive among the corresponding isomers, towards nucleophiles112. Therefore, the 
coefficients should be important 111. 
Relative reactivity order toward nucleophiles 
Rf) Rf C=C( 
Rf F 
Rfv Rf 
r=C< 
Rf Rf 
(105) 
Introduction of a fluoroalkyl group increases the coefficient in the LUMO at the 
opposite carbon111. The effects of perfluoroalkyl groups on the same side of a double 
bond enhance each other in the structure (106), but offset each other in the structure 
(107). This may be attributed to the greater reactivity of (106) than (107). 
Rf 0 0 )c~CF2 
Rf ~ I 
(108) 
Rf~ Q Rf ~~c< 
Rf ~ I F 
Rf~ 0 Rf ~=c< 
Rf i @ Rf 
It is now possible to rationalise the reactivity and orientation of fluorinated alkenes 
towards nucleophiles. 
3.1.1.2 PossibW-.ArodJicts fonne4 
as 
This carbanionic intermediate may further react in mainly three ways, such 
(scheme 3,2) 
~ I 
E=C=C=Nu 
i I 
F=C= F 
i 
===:::> 
- ~ 
=C=C=Nu 
~ ~ 
f=C= F 
~ 
i~ 
i ~=C=Nu 
c I 
~ F 
1 proton abstraction from the media, abstraction of a suitable electrophile, or 
combination with it, giving the additional product, 
2 elimination of fluoride ion, which has been attached to a vinyl site to yield 
the substitution product, 
3 elimination of fluoride ion accompanied by allylic rearrangement (SN2') to 
give the other substitution product. 
However, it should be noted that these systems are dependent on many factors, 
such as the nature of the electrophile, solvent effects, steric hindrance, and, more 
importantly, the stability of the carbanionic intermediate. 
In the following discussion we shall consider whether various nucleophilic 
reactions of the fluorinated dienes (29) or (8) obey the rules described above. 
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3.2 Discussion 
The results described in this Chapter are the chemistry of perfluorobicyclobut-
1,1'-enyl (29) and perfluoro-.bicyclopent-1,1'-enyl (8) with various nucleophiles. Some 
of them will be compared with those ofperfluoro-3,4-dimethylhexa-2,4-diene (34). 
3.2.1 Oxvgen nucleophiles 
3.2.1.1 Reactions with alcohols 
a). Diene (29) with methanol. - the addition of an excess of methanol to diene (29) 
led to an exothermic reaction. In one hour a white crystalline solid was precipitated and 
identified as dimethoxy derivatives (108). 
OMe 
r.t. ~ 75% + XS MeOH 1 h 
(29) (scheme 3,3) (108) OMe 
b). Djene (8) with metbanoL - the reaction of diene (8) with an excess methanol and 
a small amount of sodium methoxide afforded the dimethoxyderivative (109). However, 
it took 5 days to complete the reaction. 
0=0 + 
(8) 
XS MeOH MeONa Sda~ 
r.t. 
(scheme 3,4) 
OMe 
~ 
OMe (109) 
63% 
These two reactions are merely nucleophilic substitution of fluoride ion by 
methoxide ion. No addition nor SN2' rearrangement substitution product was observed. 
It has been reported91,93 that perfluoro-3,4-dimethyl-hexa-2,4-diene (34) reacted with 
methanol under basic conditions (an excess of sodium carbonate) to give a mixture of 
mono- and di-substituted products. The reaction did not proceed with neutral methanol. 
These results illustrate a large difference in the relative reactivity of dienes (29}, 
(8), and (34), as indicated below. 
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Electronically these systems are very similar, therefore these dramatic differences 
provide a clear illustration of the effect of angle strain on nucleophilic attack at unsaturated 
carbon93. 
c). Diene (29) with ethanol - the addition of an excess of ethanol to diene (29) in 
dry ether afforded a slightly exothermic reaction and yielded the diethoxy derivatives 
(110). 
OEt 
ether tl 
(scheme 3,5) (11 O) OEt 
~ + XSBOH 45% 
(29) 
d). Attempted hydrolysis of (108)-{110> - 1,2-Diethoxy-3,3,4,4,tetrafluorocyclo-
butene (111) is hydrolised by 50% sulphuric acid to give diketo-cyclobutene-diol (112), 
squaric acid, in high yieldl13. The chemistry of oxocarbon such as (112) has been 
studiedll4 
EtO')::{OEt 
Ft=JF2 
(111) 
O~l OH 
~ 94% 
0 (112) OH (scheme 3,6) 
Hydrolysis of (108)-(110) were attempted under the same conditions as that of 
(111). In each case, however, only starting material was recovered. 
3.2.1.2. Reactions with water. 
a) Diene (29) - diene (29) reacted exothermically with an excess of water in 
acetonitrile to give a white solid. 
~+ XSH~ 
(29) 
..OH"!·F 
~ 
OH 
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CHaCN 
r.t. 
OH 
58% 
(113) 
1 ~ Keto - enol equiblium 
~ 0 
0 ~· (114) 
(scheme 3, 7) 0 
Mass spectrum data of the product gave a parent molecular ion M+, 262, for 
CsH1F.P2. 19F-NMR spectrum showed four resonances, one of which can be assigned 
to a vinylic fluorine in comparison to that of diene (29). Other three resonances were 
observed with the same intensity in typical region of CF2 groups. Although 13C-NMR 
showed a rather complicated spectrum, it showed the presence of seven different carbon 
atoms which include one kind of carbonyl group,a vinylic cabon attached to a fluorine, 
and a CF2 group which does not have any other F-F couplings. 
These results may suggest two possible structures, the enol(113) and its keto 
isomer (114). It has been reported115,116 that 1,1,1,5,5,5-hexafluoro-acetylacetone is 
overwhelmingly present as the enol form (115)(> 97% in DMSO, >99.5% in CDCl3.), 
whereas acetylacetone is 67% in the enol form( scheme 3,8). 
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Keto - enol equiblium of Hexafluoro-acetylacetone 
(HFA) and acetylacetone 
HO 
I li 
F3CC=G-CCF3 -=------....--~== 
(115) 6H (HFA) 
>97% 
HO 
ill 
H3CC::C-CCH3 
I OH acetylacetone 
67% 
13 D~-~~~~~~D~~~DDDDDD~~~~~DDDDDDDDDDDDDDDDDDDD 
C-NMRC.S. 
OH 0 0 0 
191~1.4 ~1.9 
100.3 52.8 
(scheme 3,8) 
13C-NMR chemical shifts of the enol keto isomer of acetylacetone(see scheme3,8) 
may indicate that if the keto isomer(114) were present, one resonance due to OC-,0!-CO 
should be observed around 50 ppm105. The absenece of this resonance and predominant 
presence of the enol (115), therefore, can suggest that the product is favoured to have the 
enol form (113). 
IR spectrum showed C=O absorption at 1640 cm-1, which is more intense than 
normal carbonyl one and three bands around 1720- 1800 cm-1. Two of them may be 
attributed to C=C-C=C. We are not able to explain what the other is responsible for. 
1H-NMR did not show any resonances( due to C=C-OH). The product(113) is 
very hygroscopic and probably hydrogen may be solvated by even a trace of water atoms 
(this phenomenum often occurs to alcohol in organic solvent ,with a trace of water). 
b) Diene {8) - addition of diene (8) to acetonitrile with water afforded the 
analogous enolic derivative (116). Spectroscopic data were examined and consistent with 
the structure. 
0 
Q>=0 + xs ~ CH3CN ~~77% r. t 
(8) (~~6) OH 
(scheme 3,9) 
On the contrary, acyclic diene (34) does noa react with neutral water, but reacts 
under basic conditions to yield a furan derivative (117)91,93,95. 
base 
F3C~CF3 
A_~ 
F3C 0 CF~ 
(scheme 3,10) (11 7) 
c) Acidity of theenolderiyatiyes - both (113) and (116) are completely soluble in 
water and show strong acidity. pKa of both products are shown below and compared 
with those of other acids. 
0 ~ ~· 2 FCH2COOH CHsCOOH 
OH OH 
2.30 2.37 2.59 4.75 
(scheme 3,11) 
d) Salts of 013) and 016) - the enol derivatives (113) and (116) were neutralised 
with aqueous sodium hydroxide to form yellowish and whitish solids respectively, after 
evaporation of water. 
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0 0 ~· + NaOH H20 t::> ~· Na+ neutralisation D 
(113) OH (118) 0 
~· H20 ~· Na+ + NaOH F2 neutralisation F2 I 
OH 0' 
(116) (scheme 3,12) (119) 
19F-NMR spectra of each aqueous solution of the products showed that 
elimination of fluorine did not occur during neutralisation. Perfluorocyclobutene ( 43) and 
-pentene (86) are readily hydrolysed by potassium hydroxide in glyme at room 
temperature to give the salts (120) and (121) respectivelyll7. 
(CFvn) KOH (CF2)n-1 
C=C dig Iyme o-- c/ 'c=o K+ = ~- --
F/ '\.F ~~ .;; .. c .. 
n = 2; (43) I n = 2 ; (120) 
n = 3; (86) (scheme 3,13) F n = 3; (121) 
19F-NMR chemical shifts of the salts (120) and (121) are very similar to those of 
the products obtained. In addition, IR absorption characteristics liS of the delocalised 
0-C-C-C-0 system can be observed on both products, consistent with those of (120) and 
(121). Therefore, we conclude that the products have the structures (118) and (119). 
3.2.2. Nitrogen nucleophiles 
Aniline is less basic than alkylamines because the nitrogen lone pair electrons are 
delocalised by orbital overlap with the aromatic ring 1t-electron system. Therefore, it 
might be possible that extremely electron deficient dienes (29) and (8) attack not only the 
nitrogen but also vinyl carbons to yield alternative products. Indeed other workers95 in 
our laboratory have found that perfluoro-3,4-dimethylphexa-2,4-diene (34) reacted with 
aniline to yield several products(scheme 3,14) 
F 
F3c~Fa 
~CF3 
(34) F 
aniBns/KF 
CH3CN 
57 
F3C),{CF3 ? 
F3C.-/!.,.
6
_N_,_, CF3 
Si'% 
minor product 4% 
3.2.2.1 Reactions with aniline 
a) Diene (29) - ~he addition of an eJtcess of aniline to diene (29) in acetonitrile 
caused an immediate exothermic reaction and afforded the corresponding diamine 
derivative (122). The 19f"-NMR spectrum of (122) showed two CF2 groups and them 
spectrum showed a weak absorption at 3400 cm·l due to N-H stretch, consistent with a 
secondary aromatic amine. Other analytical data confirmed the structure of (122). 
~? )($ aniOns 
(29) 
1 h 
CH3CN r. t. 
NHPh 
~53% 
-v--y (122) 
(scheme 3, 15) NHPh 
When an equivalent of aniline was added to diene (29), a viscous brown liquid was 
obtained. The sublimation of this liquid gave a white needle-like crystal which has been 
characterised as the mono amine derivative (123). 
(29) ? equimolar 
aniDna 
1day ~ __ __;_--!>· F~ ~ 
CHaCN r. t. 
(scheme 3,16) NHPh 
15% 
(123) 
b) Diene (8) - the reaction of (8) with an excess of aniline in acetonitrile at room 
temperature gave the mono amine derivative ( 124). No diamino derivative was obtained, 
because the lower reactivity of (8) than that of (29) and steric hindrance. 
3.2.2.2 
~+ 
(8) 
58 
XS aniUne 
1 day 
CHsCN r. i. 
(scheme 3,17) 
ReJlcti.ons with gyrrole__arul_N -methylgyrrole 
Pyrrole and its derivatives readily react with a wide range of electrophiles because 
of their electron-rich character, giving the corresponding substituted compoundsll9. 
They do not normally undergo Diels-Alder reactions and only a few exceptions are 
known120. 
a) Diene C29) - pyrrole and N-methyl pyrrole reacted with diene (29) in acetonitrile 
to form electrophilic di-substitution products (125) and (126) respectively in moderate 
yield. In the reaction with pyrrole, a mono-substituted product was obtained as minor 
product (127). The products were purified by vacuum sublimation. 
~ pyrrole + CHsCN r. t. 
(29) 
(125) (127) 
63% minor product 
N-methyl 
(29) pyrrole (126) + CHaCN r. t. 
(scheme 3,18) 57% 
b) Diene (8) - no reaction occurred when the mixture of diene (8) and pyrrole was 
refluxed in ether for one day. Refluxing in acetonitrile did give a dark green viscous 
liquid, which showed many signals in 19F-NMR but no substitution products were 
detected. 
59 
3.2.3 fudide ion as nucleqphile, 
Perfluorinated alkyl or alkenyl iodide compounds are useful functional derivatives 
as the precursors for coupling reactions using copper or zinc and, for generation of 
organometallic reagentsl21. Xn the following part. the synthesis of the iodo-substituted 
compounds from (29) and (8) under mild conditions and the preliminary work using the 
products obtained, i.e. the coupling reaction with copper, will be discussed. 
3.2.3.1 Reaction with sodium (lithium) iodide 
a). Diene (29) - remarkably, diene(29) reacted with sodium or lithium iodide in 
ether, tetraglyme, or acetonitrile at room temperature to give the corresponding diiodo-
substituted product (128) in good yield. 
I 
,... 68% 
solvent r. t. ~ 
large excess Ml ~F 
(29) solvent; CH3CN, Et20, tetraglyme (128) I 
M; U, Na (scheme 3, 19) 
b). Diene (8) - the addition of diene (8) to sodium (lithium) iodide in acetonitrile or 
ether also afforded the di-iodo derivative (129). This product is a liquid at room 
temperature and was purified by preparative g.l.c .. 
solvent r. t. 0=0 large excess Ml 
(8) 
I 
~ 45% 
(129) I 
(scheme 3,20) 
c). Diene (34) - the mixture of diene (34) and an excess of lithium iodide was 
stirred in acetonitrile as room temperature for 3 days, but no reaction took place. 
d). Attempt to synthesise mono iodo-<ieriyatiyes - to synthesise di-iodide derivative, 
a large excess of iodide salt was employed because the reaction system is heterogeneous. 
heterogeneous. When a slight excess of iodide salt was used, a mixture of mono-iodo 
derivatives (130) and (131) and! di-iOOide derivatives were obwned m low yield. 19p_ 
NMR spectra and mass spectra of the products proved the existance of mono-iodide 
derivatives, though it has not yet been possible to isolate them. 
(29) slight eltcess Ml (~28) ~ ~ow yield + solvent r. t. 
SO% 
(~30) I 
iO% I 
(8) sBghi SltCSSS Ml (8) (12e) ~ + + solvent r. t 
(131) 
(scheme 3,21) 50% 10% 40% 
3.2.3.2 ~g_reaction 
As described in Chapter 1, copper has been used for coupling reactions to 
synthesise fluorinated dienes. Interestingly, 1,2-diiodoperfluorocycloalkenes such as 
(11) were coupled by copper at 135°C in the presence of a small amount ofDMF to give 
predominantly the corresponding cyclic trimer and tettamerll. 
I Q Cu , trace DMF 1356C D> + I 
(11) 
I 0( Cu , trace DMF 135°C I>· + 
I 
42% 28% 
(scheme 3,22) 
It was reported10 that 2,2'-diiodoperfluorobicyclobut-1,1'-enyl (128) did not afford any 
coupling products as volatiles using copper bronze. The copper-coupling reactions of 
(128) and (129) using DMF at 135°C were attempted. Volatiles were recovered by 
sublimation in vacuum. 
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I 
~ Cu , iraoo DMF (128) ? 130°C - 200°C + . (128) I 
I ~ Cu , trace DMF (129) ? t> + 130°C - 200°C . I (scheme 3,23) (12g) 
In all cases, the volatiles sublimed were only the starting materials and no 
coupling products were detected. (128) and (129) can be considered to have either 
transconfonnation or fairly twisted conformation. Therefore, inter-coupling may be more 
favoured than intra-coupling, shown in Scheme 3,23 to give rather a linear polymer. 
3.2.3.3 Structures of the di-iodo derivative_s 
IR and UV data of di-iodo derivatives (128) and (129) are tabulated in 
Table 3,1. IR spectra of both products show that the positions of the C=C absorption 
band are shifted to higher wavelength because of the effect of the iodine substituent. 
Moreover, the intensity of the IC=C-C=CI absorption of both compounds is very weak . 
UV absorption data of (128) displays molar absorptivities in the range of 13000-18200, 
whereas (129) shows quite low molar absorptivity (£=8750). The most favoured 
structures of (128) and (129) presumed from the results of experiments and theoretical 
calculations would be trans planar and nonplanar with a twisted angle at almost 90° 
respectively. which are similar with their precursor dienes (29) and (8)(see Chapte 2). 
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Ts.b!a3,1. lA and UV dmal of (i28) ~ (129) 
uva> 
A.nu(nm) 
Emu 
(~28) 
1530(m) 
271 (e "" 12900) 
280 (e"" 14900) 
301 (e "' ~ 8200) 
3~5 (£"" ~8000) 
a) ; raferartte i 0) 
(~29) 
~!S90(S) 
1660(s) 
224 (£ c: 8750) 
252 (£ "" 8000) 
19F-NMR spectra of (128) and (129) were very interesting. The spectrum of 
(128) showed two multiplet signals due to CF2 groups, whereas that of (129) showed 
two very broad signals at room temperature. Variable temperature measurement by 19p_ 
NMR spectroscopy of (129) was carried out in the range of -40 - 40°C. Some of them 
are illustrated in Figure 3, 1. 
At -40- -20°C, the spectra showed the typical AB type coupled signals because 
the rotation between C1-C2 bond was restricted and the two geminal fluorines were non-
equivalent in each CF2 group. The couplings between vicinal fluorines were so small that 
they could not be observed. Figure 3,2 illustrates the approximate relationship between 
the relative energy level of (129) and the tortional angle of two double bonds. As the 
temperature is elevated, the probability of transition between A and C becomes greater in 
spite of passing a higher energy level B. At HfC the transition rate is already greater than 
the NMR time scale. Therefore the coupling can no longer be observed and signals begin 
to be completely eclipsed. At 40°C only two broad signals can be observed. The signal 
at -108 ppm should be split into two at higher temperature and eventually, three single 
signals would be observed. 
a,c 
63 b 
Temperature(K} 
233 
273 
313 
-100 -11:0 -120 -130 -140(ppm) 
-
Agure 3,1 19FoNMIR ~m o~ dii@OO derivaw®(i 29) 
Relative 
energy 
level 
~ wri©YS iemps~m ~!vern : (CD3)~ 
0° 90° i 00° 270° ~Vl0 
@> Torsional angle m two double oonds 
Figure 3,2 The relationship oomoon mlative ~mergy 
laval and iorsional angle oi ooubls oonds 
3.2.4 Bifunctional nucloophiles 
The reactions of fluorinated alkenes with bifunctional nucleophiles such as 
ethylene glycoi122-125 and a range of aromatic bifunctional nuclephiles126 have been 
studied. Possible mechanistic pathways for such reactions were proposed126, which are 
illustrated in Scheme 3,24. 
However, the reactions of fluorinated dienes with bifunctional nucleophiles have 
not been fully investigated. Basically there aJre two possibilities of reaction behaviour 
when fluroinated dienes react with bifunctional nucleophlles; intermolecular and 
intramolecular reactions. Of course the reactions are affected by reaction conditions, the 
structures of substrates, their reactivities, etc. 
In this part the reactions of dienes (29) and (8) with ethylene glycol are discussed 
as an introductory study. 
3.2.4.1 Diene (29) with ethylene glycol 
Diene (29) reacted with ethylene glycol in acetonitrile at room temperature 
to give mainly two products. Mass spectra of both products showed a parent molecular 
ion M+, 328, for C10HsF9~· They were then separated by preparative g.l.c .. 
~ + HOCH2CH20H 
(29) 
7h 
CHaCN 
(scheme 3,25) 
~+ 
OCH2CH20H 
(132) 
H ~ C)~ 
(133) 
overall combined yield 13% 
l9f.NMR spectrum of one of them showed the presence of four different CF2 groups 
and one vinylic fluorine. lH-NMR spectrum indicated the presence of two -CH20-
groups and a broad OH signal. The IR spectrum still showed the existence of the 
conjugation. On the other hand, 19F-NMR spectrum of the other was more complicated. 
It showed the typical two AB type CF2 groups signals, of which the coupling constants 
are consistent with those of perfluorocyclobutyl-cyclobut-1-ene (26b). lH-NMR 
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spectrum showed two different -CH20- groups and a broad multiplet signal at 4.5 ppm, 
which probably derived from a tertiary hydrogen. We, tllerefore, consider that these 
products have the structuressuch as (132) and (133). 
The possible mechansim of this spiro acetal derivative (133) is shown in Scheme 
3,26. 
Schema 31 
+ X~/base 
(scheme 3124) 
,~c:e("' 
C '\_ 'Fl;J 
F" 'x-x 
! PathA2 
F3~=C(C2F5 ;< (' References HOCH2CH20H C=C PathA2 124) Na2COa I glyme F3C FsC (31) CFa 
FaC ~2 
.
0
0H CF3 ::1"1 
:!oo. 0~F, (31) OH 00 II CFa PathA1 126) K~Oa~CHaCN 
OOH 
CF3 
I 0 (CF2)-0 ~ O!j &> 0~ PathB1 126) K2COa I CHaCN ~ 0 F(CF2ln 
n = 1; (43) I n = 2 ; (86) 
Me SH 0 (cF2$ sH r= MeOs:r::/F2ln PathB2 126) K~Oa I CHaCN ~ 1 I F 
n = 1; (43) In= 2; (86) S 
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H ~ oJ (133) (scheme 3,26) 
3.2.4.2 Diene (8) witbethyleneglycol 
The reaction of diene (8) with ethylene glycol in acetonitrile afforded only 
one product (134). I9F-NMR spectrum showed clearly four CF2 groups and one vinylic 
fluroine. Mass spectrum displayed the parent molecular ion M+, 428 for CtzHsF130z. 
m. spectrum showed the evidence of the conjugated double bond. lH-NMR spectrum 
showed the same signals as those of (132)(Scheme 3,27). 
0=0 + 
(8) 
~ 
(135) VO 
+ 
CHJCN 
r. t. ~ HOCH2CH20 (134) 
a 
I 
I 
overall yield 8% 
~ ~----------' 0 0 (136) 
'====/ 
(scheme 3,27) 
It has been reported91 that the stirring of the mixtrure of diene (8) and ethylene 
glycol in dry ether for 14 days gave two products (135) and (136), while the reaction time 
of the formation of (134) was 2 days. Probably compound (134) is a product which may 
further react intramolecularly to form (135) and (136). 
3.2.4.3 Diene (29) with hydroquinone 
If the more rigid bifunctional oxygen nucleophile is employed, it might be 
possible to undergo inter-molecular reaction rather than intra-molecular. The mixture of 
diene (29) and hydroquinone in dry ether was stirred at room temperature for 2 days. 
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However, no reaction took place. The lone pair electrons of oJtygens are likely to be 
delocalised over the benzene ring. Therefore, the reactiviey ~wards diene (29) may 
decreases. 
~+ HO=O=OH ~ 
(29) 
(schems 3,28) 
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3.3 Summary 
We have shown that dienes (29) and (8) are very susceptible to nucleophiles due 
to their extremely electron-p<ror conjugated double bond and also (29) is more reactive 
than (8) hecause of angle strain. 
All reactions demonstrated here are initiated by attack of nucleophile at vinylic 
carbon and proceed by replacing a fluroine; iliat is nucleophilic substitution reaction 
(SN2). lin the reaction of (29) and (8) with water, the vinyl alcohol intermediates are still 
reactive and further reactions readily take place tto give enol derivatives. They showed 
fairly strong acidity. 
Bifunctional nucleophile such as ethylene glycol reacted with diene (29) and (8) to 
give a substituted product and an unexpected spiro-acetal product for (29). 
CJHIAP1'IEIR lFOUJR 
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41. lFILlUO~JIJD)JE liON JINJD)lUCJEJD) lRIEAC'If'liON§ 
4 .1.1 Fluorocarbanion§ 
4 .1.1.1 Observable caroanions 
Fluorinated carbanions play a significant role in the chemistry of 
fluorinated alkenes_3,126 Basically, they cwn be generated by the reactions of fluorinated 
alkenes with fluoride ion, but one difficulty lies in the tendency of fluorinated alkenes to 
undergo oligomerisation with fluoride ilon (Scheme 1 ). When K is large, or the rate 
constant for oligomerisation k is small, obviously there will be a long-lived and 
observable carbanion intermediate (b).128 
)c~c< + 
(a) 
K ~ I 
F- ~ F=C=C-
~ ~ (b) 
k 
=--<> Oligomers (a) 
(scheme 4,1} 
Indeed, observable carbanions have been generated by Chambers and coworkers 
94,128,129, Russian researchers130-133, and researchers in Du Pont.134-137 lit is notable 
that they have employed caesium fluoride, N,N,N',N'-tetramethylform-amidnium 
bifluoride (137)131 and tris(dimethylamino)sulfonium trimethyl difluorosiliconate (TAS-
F) (138)134,138 respectively, as a fluoride ion source. 
(138) 
(scheme 4,2) 
(137) 
(138) 
Various observable carbanions are tabulated in Table 4,1108,135,137. 
The typical examples of generating the carbanion(140) from perfluoroisobutene 
(139), using three different fluoride ion sources, are illustrated in Scheme 4,3. 
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Tab!a41'1. O:Osarvab!s 1Floorii1Eltsd Carnarroi1!S 
Alkane Precursor Counter lon Am ion 
(CFa)~=CF2 AlBIC (CFa)aC"" 
~ 
(CFa)2C=CFCFa IB ~FsC(CFa)2" 
~Fs(CFa)C=CF(CFa) A ~F5(CFa)~Fs 
-(CFa)~=CFC2Fs AlBIC ~F,C(CFa)2o 
C2Fs(CFa)C=C(CFa)C2Fs B ~Fs(CFa)CFC(CFa)~Fso 
-
CaF7(CFa)C=CFC2Fs c CaF7(CFa)CCaF7 
(CFa)~=C(C2Fs)2 B (CFa)~CF(~Fs)2" 
-(CFa)~=C=C(CFa)2 AlB (CFa}~~(CFa}2° 
A;Cs+ B;(Me~+ C;[(M92N}~+ 
The isolable anions are marked with o 
Ragarali1ca 
94) 1 129) 1131) 1135) 
135) 
'129) 
~29) 1 131) 1 '135) 
135) 
'131) 
135) 
130} 1 136) 
132) 
132) 
137} 
132) 
94) 1129) 1 135) 
135) 
129) 
94) 
135) 
Compound (137) reacts with (139) by ooth addition of fluoride ion and hydrogen fluoride 
to the double bond. The resuhmg mixture contailms the corresponding carbanion(140) and 
(CF3)3CH. TAS-F (138) reacts with (139) to give tlle carbanion(l40) and (CH3)3SiF as 
a byproduct 
IF3C iaftraglyme CF3 
pcF2 + CsF > F3C~CF3 cs• FC li'. t. 3 (139) (140) (scheme 4,3) 
DMF 
2 (139) + (137) 
-100°C 
> (140) (l\lle2N1~ + (CF3)3CH 
THF (l\lle~)as• (139) + (138) > (140) + (CH3)s85F 
r. t. 
lit should be noted that some of these carbanions have been isolated as their T AS-
salts135,136 and, more interestingly, their crystal structures have been determined by X-
ray diffra.ction.l35-137 The insolable carbanions are marked with an asterisk in Table 4.1. 
4.1.1.2 ~solutions 
13C-, 19F-NMR chemical shiftsl29,139 of the carbanion derived from 
hexafluoropropene dimer (20) and its bromo derivative are shown below (Table 4,2). 
Table 4,2 . NMR spectra data( chemical shift , ppm) of an observable carbanion 
-62.8 -42.4 
-60.2 -42.4 
-100.5 -81.1 
® -119.6 -126.2 
-86.4 -81.1 
128.4 
128.4 
37.0 
118.0 
107.5 
116.6 
-66.4 
-66.4 
-106.8 
-123.7 
-82.3 
119.5 
119.5 
57.5 
112.1 
108.3 
116.7 
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The remarkable phenomena94,103,128,129,139 ~ilia! \lhe BC-NMR chemical shift 
associated whh the carbon(~) hearing the negative charge is shlft upfield as expected 
from an appropriate model compound (the bromo derivative). but the caroon atoms (~.llD. 
and «<I) adjacent to the negative charge are associated with a .downfield shift. This is also 
reflected in the 19 F-NMR spectra for the sites adjacent to the charge. The analogous 
changes of the chemical shifts are observed on other cllllbanion systems. 
lit has been demonstrated 140 that tllle basic tlleory of substituted chemical shifts 
does not necessarily apply to all the cases and increased electron density may be 
associated with shifts to lowfield for positions removed from the electron withdrawing 
substituent. Therefore, it is reasonable that chemical shifts of the caroons (~.llD. and «<I) 
(Table 4.2) adjacent to the negative charge could be shifted downfield in spite of 
increased electron density. 
4.1.2 Reactions of fluorinated dienes with fluoridJ< ion 
Not many reactions have been reported concerning fluorinated dienes with 
fluoride ion. lPerfluorobuta-1,3-diene (25) leads to perfluorobut-2-yne (65).75 
lPerfluoro-2,3-dimethyl-buta-1,3-diene (33) gives the two corresponding dimers (68) and 
(69) (Scheme 4,4, or see Chapter 1). The carbanions appear to be generated as 
intermediates which are not stable enough to be observed spectroscopically. 
CF~CF-CF=CF2 
(25) 
CsF 
=~___,t> 
no solvent 
CsF 
~-~-IC> 
tetraglyme 
(scheme 4,4) 
CF3C sCCF3 
(65) 
:~F + Fo:j ( ~~• 
FaC CF2 CF3 -
(68) )=< F3C F (69) 
F3C CF3 
In this Chapter, reactions ofperfluoro-bicyclo-but-1,1'-enyl (29) and -pent-1,1'-
·enyl (8) with a variety of fluoride ion sources are discussed. 
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4.2 Discussion 
4.2.1 l?erfluorobicyclO,JJe_nk_~nyl on 
4.2.1.1 O~nqutionofacmPrunon 
Remarkably, diene (8) re2eted with some of the fluoride ion sources in 
various solvents to fonn the corresponding carbaruion (141). The spectroscopic evidence 
and some trapping reactions of (141) will he discussed later. 
a) With caesium fluoride - an equimolar amount of caesium fluoride, dissolved in a 
mixture of (8) and tetraglyme, gave a violet homogeneous solution. The 19f-NMR 
spectrum showed six fairly sharp signals, one of which appeared at -85 ppm (Fig. 4,1 ). 
Signals derived from (8) were not observed. Addition of BF30Et2 gave a separated lower 
layer, which was identified as diene (8). 
e=0 
(8) 
CsF ~cs+ 
(141) 
BF30Et2 ==~~ (8) + CsBF4 
(schema 4,5) 
tetraglyme 
b) With other alkali meta} fluorides - although potassium fluoride is a poorer 
fluoride ion donor than caesium fluoride, it also gave the carbanion ( 141) with sharp 
signals on 19F-NMR since diene (8) is very reactive. The reactions with sodium and 
lithium fluoride did not lead to (141). 
c) With TAS-F - TAS-F (138) gave the carbanion (141) in acetonitrile. The 
comparison between caesium fluoride and the T AS-F system will be described later. 
d) With TDAE2+2F-.1.211 - TDAE2+2F- (92) is obtained as a byproduct by the 
defluorination of tetramer (31) (see Chapter 2). Generation of the carbanion (141) was 
attempted using this new fluoride ion source in acetonitrile. 
(8) + carbanion( 141 ) 
low conversion 
(scheme 4,6) 
19JF-N1Vffi. showoo the broad signaM.s foosOO on (1~1) wiili low imlrensicy. !Thowever, iliose 
of diene (3) and sev©rnll!!lew silgnrus w©ll'e ruw obS©XVoo. litt ~ lre ~on~hMiOO thmt 
ID.AE2~2F- (92) acts as a novel fluoride ion oollmOO. but IillO fllllli'th~ smdy has boon 
attempted. 
e) Wi~i~ - lithium ori oomwoo icmre ~ wiuth ruene (ft) to give 
iooo substimted derivatives (see ClmpOOJr 3). Smprismgly, ~tiolli of Jro~iMm iodide 
W diellle(ft) in tettaglyme gave molinO iooo SlllOOtimtOO diene (131) mgefther whh me 
carbanion (141). Clearly, powsiWlll iOOide filist re~ts wlitln (3) w fonn (131} and! 
potassium fluoride, which reacts with dliem~ (8) to give ilie caroamon (i~li). n9JF-NMR 
showed a mixture of (i 3li) and the carbanion(li 4li) in a 1: li mtio. 
-80 
(8) ~ Kl 
KF ~ (8) 
b 
d 
! 
===='O> ~ + KF 
(131) 
~==='S> ~ ~ 
(scheme ~.1) (141) 
CsF 
c f+f' 
a 
-100 -120 -140 -160 (ppm) 
Fi 19 1gure 4, 1. F-NMR spectrum of the carbanion(141) with CsF in tetraglyme 
relative intesity ; ~ : b : © : d : ® {> 8° : f ~ r ~ 1 : 2 : 2 : 2 : 4 : 4 
iS 
~.2.L2 
m) c~__n___sbif,AA - 19JF-NMm. sp~mmn (»{ gh~ c~Q)mruiollll u~n i~ sho'Wlffi imt lFig. 
~.L No JF-JF coUllpling is evide.n& md the signals m'@ ~bAy sh~. Assigmn~lllU are 
made on rulle following basis: 
(i) assuming that the carboo m1 ~ me Hlegmtllive clllm'ge, th~ sip 
sboWd oo shifted consi~ly upfi~ld from villllylic lfiumine; 
(ii) flhe carirolll ~ is mt an alllylic Kllmie, dlerefore &he signal C2Hll 1he less 
affected; 
(ill) me carbons c, If, and r will not he affected; 
(iv) the carbons lb, te, and te' are adjacent to the negative charge and 
should be shifted downfield. However, one puzzling fearure 
remains that signals e and e' are almost identical (see later 
discussion). 
Therefore it can be concluded that me ca.rbrurlon (141) is conjugated. 13C-NMR 
spectrum of the carbanion (141) also supported this conclusion since two signals derived 
from the carbons with the charge were shifted upfield (Fig. 4,2). 
a <E-b 
1 60 140 12 0 1 00 80 60 40 20 (ppm) 
Rgure 4,2. 13C-NMR spectra of diene(8) and its carbanion(141) 
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b) .Qm_n~oJLd~ - R9poNl'Vim S~ctli"a of \the Cm'foWOllllS Wlidn li{?• Cs-:-. 
Md 'JI'.AS? cmtions were oompm-00. under conditiolllls of e~cess of fl11.XOride iolill sowces. 
lFig.4.3 shows llhe 19pol\IMIJl ~ of dle ~ollll (1~1) Wlitlln mff©rtelilli oownwr iollls. 
All of me ooxresponding sigmlls ~ rumos~ idelllti~ fum remas of their sbartpness md their 
chemicall shifts can hmlly llre distinguished 
Counter ion Solvent 
K<> tetrag Iyme 
\. l 
cs tetragl yme 
TAS9 ace ton it rile 
.... 
.L ..1_ l.J.. .... L.. 
-80 ~100 -120 ~140 ~160(ppm) 
Figure 4,3. 19F-NMR spectra of the carbanion(141) with 
various counter ions 
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c) Solvent dependence - under the conditions of excess of the fluoride ion source, 
there seems to be a close similarity between the 19F-NMR spectra of the carbanions (141) 
in various solvents, such ~s tetraglyme, dimethylsulphoxide (DMSO), and N,N-
dimethylformamide (DMF). 
When acetonitrile was used as a solvent, however, the carbanions (141) with 
K +and Cs+ gave broader 19p_ NMR signals in comparison with those in tetraglyme, 
whereas TAS+ cation showed sharp signals in acetonitrile. TAS+ cation is an organic 
molecule. K+ and Cs+ are more solvated in tetraglyme than in acetonitrile since the 
former has the ability of binding metal cations. 
d) Diene (8)/F- ratio dependence - it has been reported129 that TAS-F(138) takes 
into solution more than one molar equivalent of a fluorinated alkene and leads to the 
considerable line-broadening of 19F-NMR signals associated with fluorine atoms at 
carbons that are adjacent to the negative charge. This fact indicates that if an excess of a 
fluorinated alkene is present in solution, then rapid fluoride ion exchange occurs between 
fluorinated alkenes and the corresponding carbanion.129 This is also the case with diene 
(8) under the same conditions. An excess of diene (8) completely dissolved in acetonitrile 
with TAS-F and the 19F-NMR spectrum showed very broad signals derived from the 
carbanion (141) and diene (8). Evidently,the fluoride ion exchange occurs on the NMR 
time-scale (Fig.4,4). Fluoride ion is able to interact, on average, with more than one 
equivalent of diene (8) and this interaction is sufficiently significant to take into account, 
othexwise insoluble diene (8) would remain in the solution. The nature of this average 
interaction may be described below; as if fluoride ion can do the negative equivalent of 
hydrogen-bonding, which may be partial. 
19f-NMR measurements were attempted, altering the ratio of diene (8) to caesium 
fluoride in acetonitrile. Fig. 4,5 shows some of the 19f-NMR spectra of each carbanion 
solution. In the presence of an excess of diene (8), the signals are broader than those 
witll an excess of caesium Jt1luoridle. However. no signrus of tdli©Hlle (3) were observed and 
00~ dliene (8) remained m me lmtwm myel!. This res'!Allt may mdi~w \!Mrc tdll© m~oill 
between Jt1lmoride ion Mtd diene (8) is ~mott as sw:rong as fum ttllnrs; ~of TAS~F. nn spire of 
fluoride ion excllunnge. 
[Diene(8)]o/[ TAS~F]o 
0.5 
3.9 
-80 -100 -120 -140 -160 (ppm) 
Figure 4,4. 19F-NMR spectra ofthe carbanion(141) with TAS-F in CH3CN 
(Diene(S)}o/[CsF]o 
0.26 
-
A 
1 
I 1 .89 
" 
.IV\ 
" 
-100 -120 -1L.O -160(ppm) 
Figure 4,5. 19F-NMR spectra of the carbanion(141) with CsF in tetraglyme 
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e) Variable temgeraturt=thehavio_yr - at room remperature, the carbanion (141) gave 
sharp signals without couplings if appropriate solvent and fluoride ion source were 
chosen. As described earlier, two 19f-NMR signals (te, eg) for the sides, which are 
adjacent to the carbon with the charge, are identical. It may be considered that the bond 
between the carbon 1 and 2 is rotating freely at room temperature. 
A solution of carbanion (141) has been studied by 19F-NMR spectroscopy at 
various temperatures in the range of -40- 80°C. Surprisingly, no dramatic changes were 
observed either with Cs+ or TAS+ as a cation. The signals retain their sharpness and 
signals te and teg were still identical at -40°C(Fig. 4,6). 
Temperature{K) 
233 
293 
353 
-80 -100 -120 -140 -160(ppm) 
Figure 4,6. 19FaNMR spectra of the carbanion(141) at various 
temperature. Solvent: C~O\J 
~hi 
(141) 
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It has been reported129 that increasing temperature of solutions of various 
carbanion salts causes line-broadening of me signalls due to fluoride ion exchange. 
However, such a line-broadening was not observed even at 80°C in this case. 
It can be concluded, therefore, that the caxbanion (141) is remarkably stable and 
has an extremely low rotation barrier on the Ct-C2 oond 
4.2.1.3 Attemm to isolate the carbanion salt 041) 
Researchers in Du Pont136,137 have isolated several! fluorinated carbanion 
TAS salts (see 1'able 4,1). The isolation of the caesium salts has also been attempted in 
our laboratoriesl29,139. However, only perfluoro-t-butyl caesium has been isolmted129. 
Evaporating the solvent in vacuum normally gave caesium fluoride and starting 
fluorinated alkenes139. 
TheTAS salt of (141) can be isolated simply by removilllg the sovlent in vacuum 
to give a brown solid, which was completely redissolved in acetonitrile. The 19f'-N.MR 
spectrum showed only the presence of the carbanion (141). It has not been possible to 
isolate the caesium salt 
Recrystallisation of (141) salts has been attempted using various solvents but 
without success in attempts to obtain samples of crystallographic quality. 
4.2.1.4 Reactions of the carbanion 041) 
fluorinated carbanions are obviously strong nucleophiles and are likely to 
react with suitable electrophiles to form the corresponding adducts 94,129,135,139. Several 
trapping reactions of the carbanion (141) have been attempted. Methyliodide and allyl 
bromide did not react with (141). 
Bromine was expected to form the corresponding bromo derivatives but, instead, 
diene (8) and its precursor (27) were obtained Bromo derivatives produced were readily 
attacked by fluoride ion, which had probably been derived from the carbanion (141), to 
yield the precursor alkene (27). 
()-bl 
oo reaction ~=== oo reaction 
[bmrm derivatives] (scheme 4~8) 
-~ ~-er-
e:XJ~ (8) (27) (8) : (21) c 1 : 1 
4.2.2 Reactions of gerfluorobicyclobut-1.1 1-enyl (29) COligomerisation) 
4.2.2.1 With an eguimolar or excess of fluoride ion 
Diene (29) reacted with caesium, potassium, and sodium fluoride or T AS-
Fin tetraglyme or acetonitrile at room temperature to give the corresponding dimer (142), 
because the carbanionic intermediate (143) is very unstable and readily reacts with such a 
reactive diene (29). 
MF 65-82% 
solvent I r. t . 
(29) 
M ;NaiKICs 
solvent ; tetraglyme I CH3CN 
unstable carbanion (143) 
,p=====""A"======.. f '\ 
(29) ~ 0=<? ! (29) 
(142) 
(scheme 419) 
Mass spectral data of (142) showed a parent molecular ion M+, 572, for Ct6F20 which 
was also supported by elemental analysis. 19F-NMR gave three sharp signals and they 
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can be attributed to -CF2 groups. m spectrum did not show a great absorption according 
to the conjugated double bond. l?robably (142) has a distorted m:m-planar structure and 
this may partially destroy the conjugation. 
Potassium and sodium fluoride are poorer fluoride ion sources than caesium 
fluoride, but the great susceptibility of (29) aids in the dimerisa.tion. 
4.2.2.2 With a deficiency of fluoride ion 
Dimer (142) and an insoluble solid (144) were obtained and elemental 
analysis of the latter suggested the formula CsnFIOn· Mass spectrum shows peaks such 
as 858, 958, 1055, 1144, etc. XR spectrum of (144) is different from that of (142) and 
showed a medium absorption at 1720 cnrl which was not observed on dimer (142). 
These results suggest that (144) can be a mixture of oligomers (Csn FtOn. Ill~ 3). 
The probable reaction mechanism is shown in Scheme 4,10. 
4.2.2.3 With other halide ions 
Surprisingly, chloride or iodide ions can react with diene (29) to yield 
oligomers. For example, an equimolar amount of potassium iodide gave the dimer (142), 
and an equimolar amount of potassium chloride gave a mixture of oligomers (Csn F IOn· n 
= 2,3,4 ... )(144). Chloride or iodide ions attack diene (29), forming chloro or iodo 
substituted compounds, and potassium fluoride induces the oligomerisation. Only a 
small amount of potassium fluoride can induce oligomerisation and the substituted 
products were not obtained 
~ (29) ------~ tetraglyme 
X;CI,I 
Oligomers CanFtan(n>...2) 
(29) + KX ---Ill:> + KF 
(29) + KF ---t> Dimer( 142) and/or 
a mixture of oligomers(144) 
(scheme 4,11) 
33 
2 (2S) 
! (29) 
Trimar 
(~/ 
Pentamsr , He:Kzmar 
Tetramer 
(scheme 4,10) 
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4.2.2.4 With the carbAOi.nn 041) 
fluorill'lawd caxbanions can ac& as fluoride iolffi oomces. !29 Die1ne (29) WSIS 
added to tlle carbaniol!ll 041) sohlltiol!ll ood me reru:tioHll w~§ followed by 19JF-NMR 
Sp©Ctrometty. Xntensity of the signals for (141) d~ued, howev\eli, only the original 
carbanioHll signals were observed in solution, at the end of ilie reacticm. Owing tlle 
rea.ction, 2 solid wSIS precipim~ which was ch~sed as rumer (142). The 19JF-NMIR 
s~~ 2re illustrated in Fig.4,7. This is a good example of how the carbawion (141) 
solution can play a role as a catalytic fluoride ion source. 
Time 
a 
Smin 
b 
1 hr 
2days 
d 
-80 -100 -120 -140 -160(ppm) 
(141) + 0::0 
(29) 
==!!> (141) + dimer(142) 
Figure 4, 7. 19F-NMR spectra for the reaction of the carbanion(141) with diene(29) 
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4.2. 3 Rea,cjions___of :gerfluorobicy_cJ.obuttlidene (26) and__mrrfluorobicycloyentylidene 
0.7) with TDAE (901 
TDAE (90) can defluorinate perflll!oro-3,4-dimethyl-hex-3-ene (31) w form the 
diene (34) (see Chapter 2). Defl.uorination of (26) and (27) was attempted using TDAE 
(90). 
4.2.3.1 With C27) 
As expected (27) was defluorinated in TDAE 1t0 give diene (8). However, 
the byproduct TDAE2?2F· (92) is a potellltial fluoride ion sowrce and, iJn fact, donated a 
fluoride ion to the part of the diene (8) produced, generating the carbanion (141) (Scheme 
4,12). When acetonitrile was used, which is more polar than dichloromethane, all diene 
(8) was converted into the carbanion (141). Addition of lBF30Et2 to the carbanion 
solution formed diene (8). 
(8) (92) ~ (8) : (4) = 2 : 3 C> inC~ (141) 
The mbcture BF30Et2 (8) yield 59% (scheme 4,12) ~ 
4.2.3.2 With (26) 
Diene (29) was produced by defluorination. However, this diene reacted 
with IDAE2+2F· immediately to give dimer (142). BF30Et2 cannot be used with TDAE 
at the same time since BF30Et2 reacts with TDAE98. 
(29) (92) 
31% 
(scheme 4,13) (142) 
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4.2.3.3 Reactions with C26> and (27) witlli>JJ1.SOlve_m 
Direct mddition of IDAE tto (26) caused an exomemric reaction. The 
colour changed to brown red and then further to dark brown, finally giving a brown 
solid. This solid wms partially soluble in acetonitrile. The U9JFDNMR spectrum showed 
mainly five resonances at -88.5, D107.0, -113.0, 12L7, and 142.2 ppm (]Fig. 4,8). 
These resonances were compared with \those of tlle carbanion (141) mnd it is reasonable to 
consider that the carbanion043) wms generated. Assignments were made in ilie manner 
described earlier (see 4.2.1.2). Signa1ts <dl and <!!1° are identical and it suggested free 
rotation between cl and c2 at room temperature. This carbanion is also considered to be 
conjugated. Addition of BF30Et2 to the solution gave the diene (29) ms the main product 
This result suggests that the carba.nion (143) can be generated by neat reaction with TDAE 
and it may be isolated. This is the first example of the generation of the unstable 
carbanion (143) which has been unsuccessful using TAS-F(138) or caesium fluoride. 
~ 
~ TDAE2+F-
+ TDAE(90) or (143) 
no solvent 
(26) 0°C =e=- r. t. (~)2TDAE2+ 
~ 
~TDAE2+F-
+ TDAE(90) !':> or (141) 
no solvent (~)2 rDAE'• (27) 0°C--c> r. t. (scheme 4,14) 
The carbanion salt (141) with TDAE2+ can also be generated by the same 
procedure using (27) and IDAE(90). As described above, in the course of these reactions 
the acetonitrile-insoluble solid was obtained. This solid was soluble in D20 and 
characterised as IDAE2+2F-(92). 
There could be two alternatives for the carbanion salts, which are illustrated in 
Scheme 4, 14. 
37 
b 
c 
a 
nm 
-80 -120 -140 (ppm) 
0 
mro(t>=0 
lill 
Figure 4,8. 19F~NMR spedrum of the carbanion(143) in CD3CN 
relative intensity ; ® : fQl : © : @l ? @lo : ® ::: 1 : 2 : 2 : 4 : 2 
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4.2.4 Yfui,g 
It was reportedl41 that perfluorocyclobutene (43) reacted with triphenylphosphine 
to give the 1:1 adduct. Burton and coworkersl42 have characterised this adduct as 
2,2,3,3,4,4-hexafluoro(triphenylphosphoranylidene)cyclobutene (145). This ylide is a 
rare example of an insolable fluorinated carbanion. The overlap of the phosphorus d-
orbitals with the ylide carbon p-orbitals and the strong inductive effect of the adjacent CF2 
lead to remarkable stability .142 
They subsequently claimed20 the formation of trialkylammonium ylides by the 
reaction of (43) with trialkyl-amines. These ylides are stabilised only by inductive effects. 
Various fluorinated ylides20,21,142,143 are illustrated in Table 4,3. 
Table4,3. Fluorinated Ylides 
Precursor Reactant 
[£] (43) PPh3 
(43) NR3 
(R = Et, Bu) 
(43) AsBua 
CF3CF=CFCF3 PBu3 
Ylide 
~+(145) 
PPh3 
~+ AsBu3 
Reference 
142) 
20) 
143) 
21) 
Reactions of perfluorobuta -1 ,3-diene (25) with a variety of trivalent phosphorus 
compounds have been studied.144 Unstable products are formed and they usually 
decompose to difluorophosphoranes; R3PF2 and unidentified products. 
CF2=CF-CF=CF2 + PRa 
(25) 
-78°C --c> r. t. 
CH2CI2 
RaPF2 + unidentified products 
(scheme 4,15) 
4.2.4.1 13A®Wn.mttoWJ~~mrutnru~~~~~~~~LID:MUID 
a) _lEmwJi.ruts with ttWireJ1YlJ100!WhiM o dim~ (29) ~&00 widil mplln~llilylphosphlne 
in dry ether or aceronitrile m& ~m tem~. Rmmvru of the oolve!Jil& fum v~llliOOl gave m 
brown solid Mass spectrometry gave a paren~ mol~ ion. M9 S43. fOY CuHnsF10lP 
and elemernw analysis supported this formula. The 19JFol.\JMR sp~ttwxn is shown in 
Figure 4,9. 
~? 
(29) 
r. t , 1 dey 
PPha C~CN en ather 
~ r.t,1day 
+ PPh3 CHaCN or sth; no ll'eadion 
(8) (acheme 4, 16) 
a b 
c,e 
-100 -110 -120 (ppm) 
Figure 4,9. 19FoNMR spectrum of the phosphonium ylide(146) of diene(29) 
relative intensity ; ~ : b : c : d : e g 1 : 1 : 1 : 1 : 1 
There are five broad signals with equal intensity, which are significantly different 
from those of the conjugated carbanion ( 143 ). The results from mass spectrum, 
elemental analysis and 19f-NMR suggest the presence of five CF2 groups in different 
environments. Signal a is shifted downfield and this can be attributed to the site that is 
adjacent to the carbon bearing the charge. Signals c and e are also shifted downfield. but 
not as much as signal ~. ~a can be considered that three CJF2 groups are affected by the 
neighbouring negative charge. 
There could be two possible structures: non-conjugated ylide (146) and the 
conjugated one (147). 1If the negative chrge was delocalised, like the carbanion(143), 
only four 19F-NMR signals should be observed. 
~ If'- "V (~47) 
+PPh 3 (scheme 4,17) 
19JF-NMR data indicate the bond rotation between Ct and C 2 may be restricted. 
Moreover, m spectrum showed the absorption at 1720 cm-1 which can be attributed to 
C=C bond attached to Rf or F. 
Therefore, we conclude that the product has structure (146). It is reasonable to 
think that the negative charge has great interaction with the phosphonium and this 
interaction disturbs the delocalisation. However, to confrrm this non-conjugated 
structure, it would be necessary to study its X-ray crystal structure. 
Diene (8) and (34) did not form their phosphonium salts with PPh3. 
b) Reactions with gyridine - both diene (29) and (8) reacted with pyridine in 
acetonitrile at room temperature to afford a yellow and a brown solid respectively. 
~ + pyridine 
(29) 
e==0 + pyridine 
(8) 
r. t. ,5 days 
CHaCN 
r. t. ,5days 
C~CN 
(scheme 4,18) 
~ 
~I ..., (148) 
+N 0 yleld47% 
~ l ~(149) 
+N o yleld69% 
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The 19JF-NMR spectrum of the former in acetolllitrile showed five signals with equal 
intensity, and seven signals for the latter. In both cases three signals are shifted 
downfield. The IR spectrum of each solid gave absorptions at 1700 and 1720 em· I 
respectively, based on (Rf)zC=C(Rfh. Mass spectroscopic data and elemental analysis 
did not give the expected results, due to the unstable structure. However, in comparison 
with the phosphonium ylide (146) these two solids may also be considered to have non-
conjugated ylide structures such as (! 48) and (149). 
c) Reaction with triethylamine. - the reaction of diene (29) with triethylamine 
without solvent afforded the corresponding ylide (150). Spectroscopic data were 
compared with other ylides and consistent with the non-conjugated structure . 
~ + EtaN 
(29) 
r. i. 
no solvent ~ (150) 
+NEt3 yielo162% 
(scheme 4,19) 
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4.3 Summary 
We have demonstrated the generation of the conjugated carbanion (141) by me 
reactions of diene (8) with a variety of fluoride ion sources. The carbanionic intermediate 
(143) is nonnally unstable and reacts further with diene (29) to give the corresponding 
oligomers. However, TDAE (90) defluorinates fluorinated cyclic alkenes (26) to form 
diellle (29), which reacts with IDAJE2+2F- (92) without solvent, providing the observable 
carbanion ( 143). 
Diene (29) and (30) react with electron donating reagents, such as 
triphenylphosphine, pyridine, and trietllylamine to yield the ylide derivatives. These 
ylides have been assumed to be non-conjugated 
Nevertheless, in order to confirm the structures of these carbanionic species, 
further investigations are necessary, i.e. X-ray crystal structure. 
<ClH!AJP>'lflER IFirVE 
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5.1 lintroduction 
In this part, attempted Diels-Alder reactions and 1,3-dipole cycloaddition reactions 
of fluorinated dienes are mainly described. 
5 .1.1 Diels-Aldeyreactions of fl.uorinatf'Jlljlienes 
A large number of Diels-Alder reactions of unsaturated fluorinated compounds 
have been reported. U,145 ][n general, fluorinated dienes are less reactive in the Diels-Alder 
reaction than their hydrocarbon equivalent, due to electron-withdrawing property of 
fluorine or fluorinated alkyl groups. Fluorinated dienophiles, on the contrary, are more 
reactive than their hydrocarbon equivalent 
Perfluorocyclopenta-1,3-diene (151) and hexa-1,3-diene (152) have s-cis 
conformation and may undergo the Diels-Alder reaction as a diene. Several examples are 
shown in Table 5,1. 
Perfluorobuta-1,3-diene (25) has a distorted skew-cis conformation (see Chapter 
1) and was considered to exclude the possibility of the formation of its [2 + 4] 
cycloadducts with dienophiles.147 Nevertheless, cyclisation151,152 and [2 + 2] 
cycloaddition 153 reactions of (25) have been reported. 
Rooently, Russian workers154-159 have claimed that (25) reacts with electron-rich 
dienophiles such as para-substituted styrenes, a.-substituted styrene, and phenylacetylene 
to give both [2 + 2]- and [2 + 4]-cycloadducts. These systems (diene-acceptor, 
dienophile-donor) are opposite to classic Diels-Alder reaction (diene-donor, dienophile-
acceptor). Some reactions of (25) are listed in Table 5,2. 
In our laboratory the reactions of fluorinated diene (8) and (34) with various 
dienophiles have been attempted35,91. However, only starting material was recovered in 
each case. 
Table 5,1. 
0 
(151) 
(151) 
(151) 
(151) 
0 + 
(152) 
(152) 
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Diels-A!der Reactions of (151) and (152) 
butadiene 
maleic anhydride 
1 00°C , Sdays 
butadiene 
X 
! 
~ 
0 
F II 
51% 
64% 
1 2 'o 41% Fq{c 
F c' 
II 
F 0 Faa I 21 F N 
F 'cF3 
F 
98% 
Reference 
146)' 147) 
47-94% I y 
X= Y = CF3 , Me , CH2CI , C02Et , CHa 
X=H,Y=CF3 ; X=H,Y=CHa 148), 149) 
CH2=CHR 
R 150) 
R = COMe , OEt , CN , Ph 
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Table 5,2. Diels-A!der Reactions of Psllfluorobuta-1 ,3-diene(25) Reference 
with Various Disnophi!ss 
CF2=CF-CF""CF2 + CQ 1S0°C, 8h dioltane (25) 
}( 
}( 
X=OMe 
X= i\!Me 
(25) i40°C, 14h + CHQe dioltane 
}( 
60°C (25) + PhC~H C> 
52 h 
o 12o•c 
~ (8) 
F~jFa 
X:_~F 
CFa CFa 
(34) 
F2 + 
(3) 
9% 
n% 
F2 + 
17% 
F92 + 
Ph 
19% 
no reaction 
no reaction 
no reaction 
2 
154)' 155) 
44% 
49% 
83% 
F F~~ · F2 
Ph 
61% 
156) 
157) 
1 oooc *" no reaction 
(scheme 5,1) 
96 
5 .1.2 1 .. 3-Dipole Cycloaddition Reactions of Fluorinated Dienes. 
There are only a few reports of reactions involving addition of diazomethane to 
fluorinated alkenes)60-163 We have also reportedl64 additions of diazomethane to a 
variety of perfluorinated alkenes and rationalised their reactivity and, furthermore, their 
reactivity towards general nucleophilic attack, based on considering frontier orbitals 
(F.Q.)164 (see details in Chapter 3). Several reactions are illustrated in Table 5,3. 
It should be noted164 that during these reactions b.l-dihydropyrazole derivatives 
are presumably produced as an intermediate and are very susceptible towards traces of 
acid or base to give Ll,2-dihydropyrazole. Alkene (153) afforded the corresponding Ll,L 
dihydropyrazole as an isolable solid, which isomerised quantitatively to its Ll,2. 
dihydropyrazol. 
Table 5,3. Addition of diazomethane to various perfluorinated alkanes 
Rf ~CFa CH2N2 
F3C Rf Et20 , r. t. 
Rf Rf 
F3C =f+cF3 =-==-C:=>-
H2C., ~N 
N 
Rf = C2Fs ( + Z isomer) (31) 
Rf=CFa ~ 1-dihydropyrazole 
F5C2r-<CF3 
F3C F 
(153) 
~ (26a) 
~ (26b) 
deficiency 
ofCH2N2 
F5C2 CF3 
F3c#F 
N .... N .. CH2 
95% 
7days 
-C> 
r. t. 
Rf Rf 
F3c=f+cF3 
HC~, NH 
~w 
~ 2 -di hydropyrazole 
As far as fluorinated dienes are concerned, only one report165 has appeared in the course 
of our literature search. Hex.afluorobicyclo[2,2,0]hexa-2,5 diene (154), which is readily 
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prepared by the photo chemical isomerisation of hexafluorobenzene, reacted with 
diazomethane to form the correspnnding adducts (Scheme 5,2). 
~ 
(154) 
(154) 
SltCSSS 
ofCH2N2 
==.......;.;...:> 
r. t 
~'): 61% 
N (155) 
(155) + r-(~')f + 
N N 
12% 38% 
(scheme 5,2) 
30% 
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5.2 Discussion 
5.2.1 Diels-Alder Reactions ofDiene (29) and (30) 
5.2.1.1 With various acetylene derivatives (as diene} 
A series of reactions of diene (29) with acetylenes has been attempted. 
However, only starting material was recovered. These reactions are summarised in Table 
5,4. Relatively electron-rich acetylenes, such as diphenylbut-2-yne and 
bis(paraphenoxyphenyl)but-2-yne did not undergo a [2 + 4] cycloaddition reaction. 
Their bulky aromatic groups might have affected the overlap of n orbitals. 
Table 5,4 
Table 5,4. Attempted Diels-Aider Reactions of Diene(29) with Various 
Acetylene Derivatives 
~ Et02CC:::;CC02Et 100°C no reaction + 2days [:::> (29) 
(29) FaCC =CCFa 225°C no reaction + [:::> 5days 
(29) PhC~Ph 150°C no reaction + [:::> 1 day 
(29) PhOPhQ;,;,;CPhOPh 150°C no reaction + [:::> 1 day 
5.2.1.2 With yarious hydrocarbon olefins (as diene) 
It has been reportedl66 that cyclohexa-1,3-diene and propene reacted with 
perfluorobicyclobutylidene (26a) to afford the products (156) and the 'ene' product (157) 
respectively. Propene and a-methylstyrene did not undergo the expected reactions with 
diene (29) and (8). 
0+ 0=0 80°C H 0 020 [:::> + 1 day H 
(26a) (156) 90% 
H (scheme 5,3) 
"'== 0=0 80°C ~ + !'>-18 h (26a) (157) 40% 
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Table 5,5. Attempted 'ene' and Diets-Alder Reactions 
o1 Dienas (29) and (8) 
no reaction 
Me 80°C (29) + ~Ph t::> no reaction 1 day 
Q}=0 H3C 80°C no reaction + \ t::> 1 day 
(8) 
5.2.1.3 With various hydrocarbon diene derivatives 
Various hydrocarbon dienes have been employed for the reactions of diene 
(29). Diene (29) reacted with butadiene and cyclopentadiene as dienophile to give the [2 + 
4] cycloadducts (158) and (159) respectively. 
Table 5,6. Attempted Diets-Alder Reactions of Diene(29) 
as Dienophile 
~ CH2=CH-CH=CH2 80°C + s-2days (29) 
0 r. t. (29) + ~ 7days 
(29) 
0 80°C 0 7days + 
s reflux 0 CHaCN (29) + 
2days 
H FY>. ~67% 
(158) 
~ H~ 
(159) 
no reaction 
no reaction 
Mass spectrum data of (158) gave a parent molecular ion, M+ 340 for Ct21i6F10· 
l9p_ and lH-NMR spectra were consistent with the structure. IR spectrum showed-
FC=C< stretching vibration at 1720 cm-1 and a very weak vibration due to -CH=CH-
stretching. The product (158) has two enantiomers. 
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Mass spectrum data of (159) gave a parent molecular ion, M? 3.52, for C13fi6F'10· 
19F-NMR spectrum was also consistent with the structure given. The reaction was 
carried out with an excess ofd.iene (29), but cyclopentadiene can readily dimerise at room 
. 
temperature and this dimer and the product (159) could not be separated. The lH-NMR 
spectrum comfirmed this mixture . The reaction of a cyclic diene with a dienophile yields 
predominantly the endo product (Alder-Stein Rules) which has two enantiomers, as 
described above. 
Diene (29) did not afford [ 2 + 4] cycloadduct by reactions with cyclohexadiene 
and heterocyclic dienes such as furan and thiophene. 
A range of reactions of diene (8) has also been attempted but no cycloadducts 
were obtained. 
These results may suggest that the higher reactivity of diene (29) than diene (8) 
towards hydrocarbon dienes can be attributed to the effect of angle strain in (29) since the 
geometries of (29) and (8) are quite similar, in spite of a slightly distorted structure in (8). 
The greater reactivity of (26a) than (29) can also be attributed to more angle strain in (26a) 
than (29), which is not necessarily the case in nucleophilic reactions of these two 
compounds. 
5.2.2 Addition ofDiazomethane to Diene (29) and (8) 
5.2.2.1 Addition to diene (29) 
Diene (29) reacted with an excess of d.iazomethane in ether at room 
temperature to form a yellowish solid. 
excess HC::N 
~ of CH2N2 Ht.J 46% Ether r. t. F N (29) ,H (160) N:::c 
excess Hc~N (scheme 5,4) 
e===0 of CH2N2 ®82% Ether r. t. H (8) N::a; (161) 
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Mass spectral data gave a parent molecular iorn M? 370 for Cwf4FwN4. which was 
supported by elemental analysis. IR spectrum showed a broad absorption at 3380 cm·1 
due to N-H stretch, a broad absorption at 1550 cm·l due to >C=N-. However, 19p_ 
. 
NMR spectrum gave a great number of signals, which have not yet been assigned. lH-
NMR spectrum gave one signal for -CH=N- at 5.8 ppm (JHF:17.5 Hz) but -NH- signal 
was not observed. As described above (see Table 5.3), its L\1-dihydropryazole derivative 
must have been produced ftrst, but isomerised to L\2-dihydropyrazole. This can be 
explained by the absence of IH-NMR signal for -CH2-N=N-. 
Therefore, it is reasonable to conclude that the product has the structure (160). 
Nevertheless, the product should have several isomers and the complicated 19F-NMR 
spectrum accounts for this fact 
5.2.2.2 Addition of diene (8) 
A white solid was obtained by addition of diazomethane to diene (8). 
Mass spectrum and elemental analysis gave a chemical formula, Ct2l4F14N4. IR 
spectrum showed N-H stretch absorption at 3260 cm·l and >C=N- stretch absorption at 
1600 cm-1. lH- and 19F-NMR spectra were too complicated to be assigned, but we 
assume that the diadduct has the structure (161), and there are also several isomers. 
5.2 .3 Attempted UV irradiation of dienes 
Surprisingly, diene (29) was irradiated with UV to form an insoluble solid. 
Elemental analysis gave the formula Cg0 FtOn· Mass spectrum showed several high 
molecular ions at 572 (n = 2), 858 (n = 3), 1144 (n = 4), etc. IR spectrum showed very 
broad absorption in all regions. There are two possibilities of explaining this result : 
(i) UV irradiation initiated the radical oligomerisation of diene (29); 
(ii) [2 + 2] cycloaddition reaction occurred between several molecules to give 
oligomers. 
However we have not yet reached a conclusion. Dienes (8) and (34) did not react 
when subjected to UV irradiation. Angle strain in (29) probably excites the electronic 
state of the conjugated double bond and induces the reaction. 
~ 
(29} 
uv irradiation 
5days 
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o~gomars CanF1en 
(scheme 5,5} 
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5.3 Summary 
Dienes (29) and (3) did not undergo the Diels-Alder reaction witln dienophiles. 
Diene (29) could have as-cis conformation,. however, the spacial separation between 
carbons A and B is wider allan would be expected due to an additional angle strain of the 
four membered ring. Diene (3) is not coplanar and it is difficult to hold s-cis 
conformation. Mme importantly, these dienes are extremely electron poor. 
F F 
~<J==C>~ 
Diene (29) led to monoadducts by reactions with butadiene and cyclopentadiene. 
Diene (29) played a role as an electron-poor dienophile. Diene (3) did not react even as a 
dienophile, probably because of its steric hindrance. 
Addition of diazomethane to dienes (29) and (3) gave diadducts, which consisted 
of several stereo isomers. 
Diene (29) was oligomerised by UV irradiation and this remarkable phenomenon 
may be attributed to the excited state due to angle strain. 
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Gas LiQuid Chromatographic Analysis 
Quantitative analysis was obtained using a Hewlett lPacbrd 5890A gas liquid 
chromatograph equipped with a 25 m cross-linked methyl silicone capillary column. 
l?reparative g.l.c. was performed on a Varian Aerograph Model 920 (catharometer 
detector) gas liquid chromatograph with packed columns. which was mainly a 3 m 10% 
SE 30. 
Elemental Analysis 
Carbon, hydrogen, and nitrogen elemental analyses were obtained using a Perkin-
Elmer 240 Elemental Analyser or Carlo Erba Strumentazione 1106 Elemental Analyser. 
Analysis for halogens was performed as described in the literature168 
NMRS.QeCtra 
'H-NMR spectra were recorded on an Hitachi Perkin-Elmer R-24B (60 MHz), a 
Broker AC 250 (250 MHz), and a Varian VXR400S (400 MHz) NMR spectrometer. 
19F-NMR spectra were recorded on a Varian JEM3601 (56 MHz), the Broker AC 
250 (235 MHz), and the Varian VXR400S (376 MHz) NMR spectrometer. 
13C-NMR spectra were recorded on the Broker AC 250 (63 MHz) and the Varian 
VXR400S (101 MHz) NMR spectrometer. 
Infrared Spectra 
Infrared spectra were recorded on a Perkin-Elmer 457 or 577 Grating 
spectrometer using KBr discs (for solid samples) or thin films between two KBr plates 
(for liquid samples). Gaseous samples were condensed into a cylindrical cell fitted with 
KBrplates. 
Mass spectra 
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Mass spectra of solid samples were recorded on a VG 7070E spectrometer. 
G.l.c. mass spectra were recorded on the VG 7070E spectrometer linked io the Hewlett 
Packard 5790A gas chromatograph fitted with a 25 m cross-linked methyl silicone 
capillary column. 
Ultraviolet spectra 
Ultraviolet spectra were recorded on a Philips PU8720 UV /Vis scanning 
spectrometer. 
Distillation 
Fractional distillation of product mixtures was carried out using a Fischer 
Spahltroh MMS255 small concentric tube apparatus. Boiling points were recorded 
during the distillation. 
Melting Points 
Melting points were carried out at atmospheric pressure and are unconnected 
Reagents and Solvent 
Unless otherwise stated, reagents were used as supplied. Solvents were dried by 
standard methods and stored over a molecular sieve (type 4A). 
10!) 
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6.1 O).i_gomerisation ofJEhwrinated Alkene.& 
6.1.1 O)igomeri_sation of perfluorocyclobutene ( 43) with pyridine 
l?erfluorocylobutene (90) (73.5 g, 465 mmole) was transferred in vacuo 
to a Carius tube cooled in liquid air, which was precharged with pyridine (1.9 g, 24 
mmole), and sealed. This tube was men rotared at room temperature for 5 days. Volatile 
material (56.5 g) was transferred in vocuo to a cold trap, washed with water (50 ml x 2), 
dried over JP20s. and further transferred in vocuo to a cold trap. Distillation gave dimers 
(26a) and (26b) (25 g, 34%), b.p. 75-82°C and the trimer (44) (30 g, 41 %), b.p. 147-
1480C. Their mass spectra, m spectra [number 1 for (26)], and 19f"-NMR [number 7 for 
(44)] were consistent with literature data86. 
6.1.2 Oligomerisation of perfluorocyclobutene ( 43) with caesium fluoride in 
dimethylformamide <DMJF) 
A Carius tube was charged with dry caesium fluoride (9.1 g, 60 mmole) 
and N,N'-dimethylformamide (30ml) and degassed under vacuum. Perfluorocyclobutene 
(43) (45.7 g, 282 mmole) was transferred in vacuo to the tube, and cooled down in liquid 
air. The tube was sealed and rotated in a rotating machine at room temperature for 65 h. 
The solution changed in colour to yellow and then gradually to red-yellow. Volatile 
material (38.4 g) was transferred in vacuo to a cold trap, washed with water (50 ml x 2), 
dried over P20s. and once again transferred in vacuo to a cold trap. Distillation afforded 
the dimers (26a) and (26b) ( 10 g, 22%) and the mixture of trimer (85) and its isomer (30 
g, 66%), the ratio 9:1, b.p. 141-147°C. The latter was separated by preparative g.l.c. and 
was identified as (44). The spectroscopic data were compared with literature data86,88. 
6.1.3 
6.1.3.1 
Dimerisation of perfluorocyclopeptene (86) 
In a Carius tube 
A Carius tube (quartz) was charged with dry caesium fluoride (16 g, 105 
mmole) and sulpholane (30 ml) and degassed in vacuo. Perfluorocyclopentene (86)(36 
g, 170 mmole) was transferred in vacuo to the tube cooled in liquid air. The tube was 
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then sealed and agitated at l20°C for 60 hr. Mter tllat the tube was opened and the two 
layers of liquid were subsequently distilled to give perfl.uorobicyclobutylidene (27) (25 g, 
71 %), b.p. 124.5°C; :m spectrum number 2. Other spectroscopic data were consistent 
with those in literature 88. 
6.1.3.2 In an auto elm 
Typically, perfluorocyclopentene (86) (72.2 g, 341 mmole) was 
transferred in vacuo to a 250 m1 autoclave, cooled in liquid air and precharged with dry 
caesium fluoride (25.1 g, 165 mmole) and sulpholane (130 ml). the mixture was then 
heated at l25°C, with agitation, in a rocking furnace for 48 hr. Volatile material (68.1 g) 
was transferred in vacuo to a cold trap and distillation afforded the starting material (86) 
(42.7 g, 59%), b.p. 26.9°C and the corresponding dimer (27) (22.5 g, 31 %). 
This dimerisation was carried out many times under the same condition but in 
most cases the yield of (27) was lower than that obtained by carrying out the reaction on 
a smaller scale, in a Carius tube. 
6.1.4 Co-oligomerisation of perfluorocyclobutene ( 43) and.perfluoro-
cyclopene (86) with :gyridine 
A Carius tube was charged with pyridine (1.5 g, 19 mmole}, cooled in 
liquid air, and degassed in vacuo. Perfluorocyclobutene (46) (12.4 g, 77 mmole) and 
perfluorocyclopentene (86) (25.2 g, 119 mmole) were transferred in vacuo to the tube 
and sealed. The tube was agitated in a rotating arm at room temperature for 6 days and 
then opened with volatile materials being transferred in vacuo to a cold trap. The 
resultant liquid (30.1 g) was washed with water (50 ml x 2), dried over P20s and 
transferred in vacuo to a cold trap again. This liquid was distilled to yield the starting 
material (86) (16 g), perfluorocycobutene dimers (26a) and (26b) (3 g, 24%), b.p. 75-
800C, and co-dimer, perfluorocyclobutyldienecyclopentene (87) [ 4 g, 80% purity as a 
mixture with (26), the ratio 8:1]. Mass spectrum and 19F-NMR spectrum were compared 
with literature data87. 
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6.2 JQsillu_orination by Sodium Amalgam System 
6.2 .1 Qeneralprocedure 
Basically, sodium was allowed to stand in dry ether to remove paraffm 
and then cut into small pieces. These pieces were added to a Schlenk tube, equipJred, with 
a stop-cock, which was prechalrged with mercury. The Schlenk was gently shaken to 
dissolve the sodium in the mercury, to proouce an amalgam. This procedure was carried 
out under dry nitrogen and was repeated until the concentration of the amalgam reached 
c.a. 0.5 w/w %. Making the amalgam was so exothermic that the Schlenk had to be 
constantly cooled with running water. 
The reactant, which was c.a. 0.4 equimolar with respect to sodium, was carefully 
added to the amalgam in the Schlenk under dry nitrogen. The top of the Schlenk was 
sealed with a rubber 'Suba-seal' to release the developed pressure. 
The Schlenk was then shaken vigorously whilst being cooled with running water. 
During the reaction the appearance of the mixture drastically changed into a metallic 
mercury coloured, very viscous solid. Completion of the reaction was implied by the 
reformation of elemental mercury and the formation of a dark grey fine dust on the 
mercury. The product was obtained by transferring in vacuo to a cold trap. 
Caution: the reaction was carried out in a sealed system and was extremely 
exothermic; therefore shaking was done behind a blast screen whilst wearing gloves. 
6.2.2 Reduction of Perfluorolbicyclobutylidene (26a) and its Isomer (26b) 
Perfluorobicyclobutylidene (26a) and its isomer (26b) (9.5 g, 
29.3.mmole) was added to a 0.55 w/w% sodium amalgam (Na:l.7 g, 74 mmole, Hg: 
311.4 g). The Schlenk was sealed and then shaken, following the general procedure. 
The volatile fraction (7 .3 g) was obtained by transferring in vacuo to a cold trap. The 
subsequent g.l.c. analysis showed one product (purity 95% ), which was identified as 
perfluorobicyclobut-1.1'-enyl (29) (6.9 g, 83%). (Found: C, 33.8; F, 66.1. CsF10 
requires C, 33.6; F, 66.4%); mlz 286 (M+, 32%); 19F-NMR spectrum number 1; IR 
spectrum number 3; mass spectrum number 1. 
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Many such reductions were carried out and some of them are detailed below. 
(26) Na Hg Yield (29) Conversion 
g mmole g mmole g % % 
9.6 29.8 1.8 78.3 304.6 81 95 
9.5 29.3 L7 73.9 306.5 72 95 
7.7 23.7 1.5 65.2 290.0 71 90 
9.0 27.8 1.8 78.3 286.8 68 95 
11.3 34.8 2.0 87.0 340.5 81 92 
11.8 36.4 1.9 82.6 339.4 66 88 
12.0 37.0 1.8 78.3 342.6 75 93 
6.2. 3 Reduction of perfluorobicyclqpentylidene (27) 
Perfluorobicyclopentylidene (27) (12.0 g, 28.3 mmole) was added to a 
0.54 w/w% sodium amalgam (Na: 1.7 g, 73.9 mmole; Hg: 312.2 g) as described in the 
general procedure. On completion of the reaction the volatile fraction (9 .4 g) was 
recovered by transferring in vacuo to a cold trap. The g.l.c. analysis showed only one 
product (purity 97%) which was identified as perfluorobicyclopent-1.1'-enyl (8) (9.2 g, 
84%).: (Found: C, 31.3; F, 68.6. C10F14 requires C, 31.1; F, 68.9); mlz 386 (M+, 
61%); 19F-NMR spectrum number 2; IR spectrum number 4; mass spectrum number 2. 
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A series of these reductions were carried out and the results are tabulated below. 
(27) Na Hg Yield(8) Conversion 
mmole mmole g % % 
12.8 30.1 1.9 82.6 319.3 83 98 
10.1 23.8 1.4 60.9 268.0 49 63 
13.3 31.4 1.8 78.3 341.2 66 87 
13.5 31.8 2.0 87.0 369.0 79 94 
11.9 28.0 1.6 70.0 276.3 52 81 
6.2 .4 Reduction of perfluoro-1-cyclobutylideoe-cyclQpentene C87l 
The mixture of perfluoro-1-cyclobutylidene-cyclopentene (87) and dimer 
(26) [2.5 g, (87):(26) = 78:22] was added to a 0.42 w/w % sodium amalgam (Na: 0.5 g, 
22 mmole, Hg: 113.8 g). The reaction was carried out as described in the general 
procedure. The volatile fraction (1.62 g) was recovered by transferring in vacuo to a 
cold trap. Analysis by g.l.c. showed mainly two products, one of which was 
perfluorobicyclobut-1,1"-enyl (29) and the other was identified as perfluqro-1-
cyclqbutenyl-1-cyclqpemene C89l (conv. 92%); mlz 336 (M+, 100%); 19F-NMR 
spectrum number 3; mass spectrum number 3. 
6.2.5 Reduction of Qther fluqrinated alkenes 
Reduction of perfluoro-1 ,2-dicyclobutylcyclobutene ( 44) and perfluoro-1-
cyclobutyl-1-cyclobutenyl-cyclobutene (85) with sodium amalgam was carried out as 
described in the general procedure. Both reductions failed to yield any dienes. Only 
starting materials were recovered. The details are described below. 
111 
Substrate Na Hg Recovery of 
Substrate 
g mmole g iiUIIDle g % 
(46) 
7.3 15.0 1.7 73.9 344.2 
(89) 
4.0 8.0 0.7 30.4 150.1 85 
6.3 Zinc Induced Defluorination 
6. 3 .1 AttemlJted reduction of gerfluorobicyclobutylidene (26a) and its isomer 
A mixture of perfluorobicyclobutylidene (26a) and its isomer (26b) (2.0 g, 
6.9 mmole) was added dropwise to refluxing dioxane (10 ml) with zinc (4.6 g, 71 
mmole), which had been activated by washing with hydrochloric acid-acetone solution 
and then with dry acetone and finally dried under vacuum. The mixture was then allowed 
to stand under reflux for 10 h. Zinc was then removed by filtration. The filtrate was 
distilled to recover (26a) and (26b) (1.0 g) 
19f'-NMR spectrum of the dixane solution showed a number of peaks, but they have not 
yet been assigned. 
6.3.2. Attempted reduction ofperfluoro-3.4-dimethyl-hex-3-ene (31) 
l?erfluoro-3,4-dimethyl-hex-3-ene (31) (4.0 g, 10 mmole) was added 
dropwise to dioxane (15 ml) with activated zinc (4.5 g, 68 mmole) under reflux and the 
mixture was stirred for 2 h. Then the mixture was filtered to remove zinc dust. The 
flltrate consisted of two layers, the bottom layer was identified as starting material (31) 
(2.97 g ,66% ). 19f-NMR spectrum of the upper dioxane solution showed several peaks 
which were different from those of (31), but have not been identified. 
6.4 
6.4.1. 
H2 
Tetrakis(dimethylamino)ethylene QDAE) <9ID System 
General~ure 
Typically fluorinated substrate and dichloro-methane were precharged into 
a two-neck flask equipped with a pressure-equalising dropping funnel. IDAE-
dichloromethane solution was added dropwise with stirring, whilst cooling the vessel in 
an ice-bath. On completion of ilie addition the mixture was stirred for half an hour. 
During the reaction the colour of ilie solution changed and a white solid was precipitated 
The ice bath was then removed and tlle reaction mixture allowed to warm up to room 
temperature. Stirring was continued for 1 h. The mixture was filtered if necessary to 
separate the solid from the solution. Analysis was done by means of 19JF-NMR, to 
check the formation of diene. 
6.4.2. Reduction of perfluoro-3.4-dimethyl-hex-3-ene (31) 
Perfluoro-3,4-dimethyl-hex-3-ene (31) (12.1 g, 30.3 mmole) and 
dichloromethane (30 ml) were charged into the flask and TDAE (6.1 g, 30.3 mmole) in 
dichloromethane (15 m) was added slowly at 0°C. The solution turned dark red in colour 
immediately and a whitish solid was gradually precipitated . As the temperature increased 
to room temperature, the colour of the solution changed to orange and, surprisingly, a 
transparent layer separated at the bottom again Although (31) was not soluble in 
dichloromethane, the addition of TDAE made the mixture homogeneous. The bottom 
layer (7.0 g) was collected by pipette. Subsequent analysis of 19F-NMR and g.l.c. 
showed only one product, which was identified as perfluoro-3.4-dimethyl-hexa-2.4-
diuene (34) (7.0 g, 64%); m/z 362 (M+, 1 %),(M-19, 26%); 19F-NMR spectrum number 
6; IR spectrum number 5; mass spectrum number 4. 
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A series of these reductions was carried out The details are as below. 
(32) 
g mmole 
8.0 20.0 
12.2 30.6 
4.5 11.3 
1DAE(94) 
g mmole 
4.0 20.0 
6.0 29.9 
2.2 11.0 
35 
20 
Yield 
% 
65 
58 
6.4.3 Reduction of (31) withoutsolyeot (withJ Yau.ghan) 
Conversion 
% 
78 
95 
85 
1DAE (5.03 g, 25.2 mmole) was added dropwise to stirred tetramer (31) 
(11.15 g, 27.9 mmole) at 0°C, under nitrogen. A dark red solid was produced 
immediately and increased in amount. The solid was then allowed to warm up to room 
temperature. Heating it to 80°C under vacuum isolated a volatile in a cold trap. The 
liquid was identified as (34) (8.3 g, 82%). 
6.4 .4 Reduction of perfluoro-1.2-dicyclohutylcyclo-butene <46> 
TDAE (1.5 g, 7.6 mmole) in dichloromethane (10 ml) was added to 
perfluoro-1,2-dicyclobutyl-cyclobutene (44) (1.9 g, 3.9 mmole) in dichloromethane (10 
ml) as described previously. During the reaction the solution turned from orange to 
brown. The mixture was filtered under nitrogen to yield a brown solid and a brown 
liquid. Borontrifluorideetherate BF30Et2 (1.2 g, 5.5 mmole) was then added to this 
liquid to give a further brown liquid and brown solid. A colourless liquid was obtained 
by transferring this brown liquid in vacuo to a cold trap. Analysis by g.l.c. showed that 
this dichloromethane solution contained two products: (i) (6%), and (ii) (6%). There 
was not enough products to be separated, however, mass spectra and 19f'-NMR spectra 
of this mixture indicated the presence of the following compounds: 
6.4.5 
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(i) perfluoro-2-cvclobutyl-bicvclobut-1.1 '-enyl {93l 
mass spectrum number 5; 19F-NMR spectrum nmnber 8 
(ii) perfluoro-2-cvclobutenyl-biucyclobut-1. ~nyl (94) 
mass spectrum number 6; 19F-NMR. spectrum number 9 
Attempted reduction of other fluorinated alkenes and alkanes 
The table below summarises attempted reductions of various fluorinated 
alkenes and alkanes. They did not lead to any defluorinated products. 
Substrate 1DAE CH2C12 Recovery of 
Substrate 
~ mmole 8 mmole ml % 
(85) 
5.0 10.2 2.0 10.0 20 60 
(36) 
5.2 10.4 2.1 10.5 25 65 
(96) 
4.6 10.0 2.1 10.5 25 
(97) 
4.0 10.0 2.0 10.2 25 65 
(98) 
0.2 0.4 0.1 0.5 90 
* (96) is partially soluble in CH2Cl2 
6.4.6 Attempted synthesis of octamethyloximidinium difluoride (92) 
As detailed in 6.4.2, a white solid (0.6 g) was obtained by filtration of the 
reaction mixture followed by washing with dichloromethane (5 m1 x 2). It was slightly 
soluble in acetonitrile and soluble in water. Analysis by lH, 19f-NMR spectra indicated 
the presence of octamethyloxamidinium difluoride {92). lH-, 19f-NMR spectra number 
5; Elemental analysis did not afford the expected figures because this solid (92) was 
proved to be very hygroscopic. 
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7.1 Oxvg_en Nucle«mhiles 
7 .1.1 Reactions with alcohols 
7.1.1.1 Diene (29) with methanol 
Diene (29) (1.27 g, 4.<£ mmole) was added to an excess of methanol (0.64 
g, 20 mmole) in ether (10 ml). An e:~tothermic reaction took place and a white solid was 
precipitated within an hour. The solutioJrn was them evaporated to give a wllnite solid. 
Vacuum sublimation yielded 2.2-dimethoxy-perfluorobicyclobut-1.1'-enyl (108) (0.47 g, 
75%); mlz 310 (M+, 100%); (Found: C, 38.5; H, 1.9; F, 49.4. CtoH602Fs requires 
C, 38.7; H, 1.94; F, 49.0%); mlz 310 (M+, 100%); lH-, 19f-NMR spectrum number 
10; IR spectrum number 6; mass spectrum number 7. 
7.1.1.2 Diene (8) with methanol 
The addition of diene (30) (1.64 g, 4.2 mmole) to an excess of methanol 
(1.12 g, 35 mmole) with a catalytic amount of sodium methoxide in ether (10 ml) caused 
an exothermic reaction to take place. The mixture was stirred for 5 days at room 
temperature. The solvent was then removed to yield a white solid. Purification by 
vacuum sublimation gave 2.2-dimethoxy-gerfluorobicyclogent-1.1'-enyl (109) (0.2 g, 
63%); (Found: C, 35.1; H, 1.8; F, 55.2. C12H6ft202 requires C, 35.1; H, 1.6, F, 
55.6%); mlz 410 (M+, 100%); lH-, 19F-NMR spectrum number 11; IR spectrum 
number 7; mass spectrum number 8 
7.1.1.3 Diene (29) with ethanol 
The mixture of diene (29) (1.33 g, 4.7 mmole) and ethanol (0.92 g, 20 
mmole) was stirred in ether(lOml) for 2 days at room temperature. The removal of the 
solvent afforded a viscous liquid. The liquid was purified by molecular distillation. This 
has been identified as 2.2-diethoxy-gerfluorobicyclobut-1.1'-enyl (110) (0.52 g, 45%); 
(Found: C, 42,2; H, 2.7; F, 44.9. Ct2H1002fs requires C, 42.6; H, 3.0; F, 45.0%); 
mlz 338 (M+, 42%); 1H-,19F-NMR spectrum number 12; IR spectrum number 8; mass 
spectrum number9. 
lUi 
7 .1.1.4 Atte;nmed hvdrnlx.sis of 008)-0 101 
Typically the alkoxy derivatives were ruided ro 50% aqueous sll!lphuric 
acid solution and then heated at 100°C for 12 hours. ][n each case a white solid was 
filtered off and found to be starting material. 
7.1.2 
7.1.2.1 
Reactions of water 
With diene (29) 
Substrate 
(108) 
(109) 
(110) 
!Recovery(%) 
75 
67 
62 
Diene (29) (1.15 g, 4 mmole) was added to acetonitrile (7 ml) containing 
water (1.33 g, 74 mmole) and was stirred at room temperature for 1 day. Then 
evaporation of the solution gave a brown solid as a residue. Vacuum sublimation of this 
solid yielded a white hygroscopic solid, which has been identified as 1-(2'.3'3'.4'.4'-
pentafluoro)cyclobut-1 '-enl-2-hydroxy-3.3-difluoro-bute-4--none 013) (0.8 g, 76% ); 
(Found: C, 36.2; H, 0.8; F, 53.2. CsHtF7<>2 requires C, 36.6; H, 0.4; F, 53.8%); 
mlz 262 (M+, 14%); 19f-NMR spectrum number 13; IR spectrum number 9; mass 
spectrum number 10. 
7.1.2.2 With diene (8) 
The mixture diene (8) (0.7 g, 1.8 mmole), water (1.05 g, 58.3 mmole), 
and acetonitrile (7 ml) was stirred at room temperature for 3 days. Evaporation of the 
solvent gave a brown solid which was then sublimed in vacuum and identified as 1:. 
(2' .3' .3' .4' .4' .5' .5' -heptafluoro)cyclqpent-1 '-enyl-2-hydroxy-3.3.4.4-tetrafluoro-
cyclopent-5-enone(116) (0.5 g, 77%); (Found: C, 33.0; H, 0.3; F, 53.0. 
C10HtF11<h requires C, 32.5; H, 0.3; F, 53.7%); mlz 362 (M+,14%); 
19f-NMR spectrum number 14; IR spectrum number 10; mass spectrum number 11. 
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7.1.2.3 Synthesis of the s.Qdipm sal_ts__from 011Land 0 Ui} 
The aqueous solution of (113) (0.242 g, 0.92 mmole) was neutralised 
with 0.1 M N aOH solution. The molar concentration of ( 113) calculated by titration, was 
fairly consistent with it's original value (0.92: 1.02 mmole). Then water was evaporated 
in vacuum to give an orange solid, which has been identified as the sodium salt (113) 
(0.15 g, 53%); 19F-NMR spectrum number 15; XR spectrum number 11; mass 
spectrum number 12. 
llin the same procedure, ilie neutralisation of (116) with NaOH solution gave the 
corresponding salt, which has been identified as the sodium salt (119) (0.19 g, 70%); 
19f'-NMR spectrum number 16; XR spectrum number 12; mass spectrum number 13. 
7.2 
7.2.1 
7.2.1.1 
Nitrogen N ucleqohiles 
Reactions of aniline 
Diene (29} with aniline 
Aniline (0.39 g, 9.6 mmole) was added slowly to diene (29) (1.12 g, 3.92 
mmole) in acetonitrile (10 ml) at room temperature. An exothermic reaction took place 
immediately and the solution turned yellow. The stirring continued for 1 hour. The 
solvent and the unreacted aniline were removed in high vacuum to give a yellow solid, 
which was washed with pentane (10 ml x 2) and has been identified as 2.2'-
bis(yhenylamino) yerfluorobicyclobut-1.1'-enyl 022) (0.89 g, 53%); (Found: C, 55.5; 
H, 2.6; N, 6.2; F, 34.8. C2oH10N2Fs requires C, 55.8; H, 2.3; N, 6.5; F, 35.4%); 
mlz 432 (M+, 6%); lH-, 19F-NMR spectra number 17; 
IR spectrum number 13; mass spectrum number 14. 
7.2.1.2 Diene (29) with an eqyimolar amount of analine 
The mixture of aniline (0.58 g, 6.3 mmole) and diene (29) (1.79 g, 6.3 
mmole) was stirred in acetonitrile (7 ml) at room temperature for 1 day. The solvent was 
then evaporated in vacuum to give a brown viscous liquid. The sublimation of this liquid 
in vacuum gave white needle-like crystals which have been identified as 2-(ybenylamino)-
perfluorobicyclobut-1.1'-enyl 0231 (0.35 g, 15%); (Found: C, 47.0; H, 1.7; N, 3.8; 
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F, 47.2. Ct4H6NtFs requires C, 46.8; H, 1.4; N, 3.9; F, 47.6%); mlz 359 (M~. 
100%); UH-, 19F-NM.R spectra number 18; m spectrum number 14; mass spectrum 
number 15. 
7.2.1.3 With diene (81 
The addition of aniline (0.21 g, 2.26 mmole) to diene (8) (1.05 g, 2.72 
mmole) in acetonitrile caused an exothermic reaction and a colour change to green. The 
mixture was stirred for 1 day. Then the liquid was evaporated to give a yellow solid. 
This solid was recrystallised from acetonitrile in a freezer (at -15°C) and has been 
identified as 2-(phenylamino)-perfluorobicyclo-pent-1.1 '-enyl 024) (0.38 g, 31% ); 
(Found: C, 41.5; H, 1.2; N, 3.6; F, 54.7. Ct6H6NtF13 requires C, 41.8; H, 1.3; N, 
3.1; F, 54.7%); mlz 459 (M~. 16%); lH-, 19f-NMR spectra number 19; IR spectrum 
number 19; mass spectrum number 16. 
7.2.2 
7.2.2.1 
Reaction of nyrroles 
Diene (29) with pyrrole 
Pyrrole (0.28 g, 4.2 mmole) in acetonitrile (5 ml) was added to diene (29) 
(0.68 g, 2.5 mmole) in acetonitrile (5 ml) and the mixture was then stirred at room 
temperature. An exothermic reaction took place immediately. After 1 day, 19f-NMR 
spectrum of the mixture no longer showed the presence of diene (29). The removal of the 
solvent gave a brown-red solid (0.75 g) and sublimation of this solid afforded a yellow-
red solid as the first fraction (0.13 g) and a yellow solid as the second one. The second 
one has been identified as 2.2' -bis(pyrrol-2-yll-perfluorobicyclo-but-1.1 '-enyl ( 125) 
(0.55 g, 63%); (Found: C, 50.1; H, 2.1; N, 7.4; F, 40.4. Ct6lf8N2F8 requires C, 
50.5; H, 2.1; N, 7.4; F, 40.0%); mlz 380 (M+, 3%); lH-, 19F-NMR spectra number 
20; IR spectrum number 16; mass spectrum number 17. 
The first one has been identified as a mixture of (125) as the main component and 
2-(oyrrol-2-yll-perfluoro-bicyclobut-1.1'-enyl 027) by 19F-NMR (number 21). 
H9 
7.2.2.2 Dif<ne_l2__2l__with N:m.ethylpyrrole 
The mixture of N-methylpyrrole (0.52 g, 6A mmole) and diene (29) (0.62 
g, 2.2 mmole) was refluxed in acetonitrile (10 ml) for 3 days. The removal of the 
solution gave a brown yellow solid. This solid was purified by vacuum sublimation to 
give a yellow solid, which has been identified as 2.2:-bis(N-methylpyrrol-2-yl)-
ge_rlluoro_bicycloJrnt-1.1'-envl 026) (0.51 g, 57%); (Found: C, 52.6; H, 2.9; N, 6.8; 
F, 37.1. C1sH12N2Fs requires C, 52.4; H, 2.9; N, 6.9; F, 37.3%); mlz 408 (M+, 
21%); lH-, 19f-NMR spectra ~rnumber 22; XR spectrum number 17; mass spectrum 
number 18. 
7.2.2.3 Diene (8) with pyrrole 
The mixture of diene(8) (0.62 g, 1.6 mmole) and pyrrole (0.42 g, 6.3 
mmole) was refluxed in ether for 2 days, but no reaction occurred. 
7. 3 Iodide ion as nucleqphile 
7 .3.1 Synthesis of the di-iodo substituted product of <29) 
Diene (29) (1.24 g, 4.33 mmole) was simply added to an excess of 
lithium iodide (2.48 g, 18.5 mmole) in tetralygme (10 ml) and the mixture was stirred at 
room temperature for 2 days. The solution became homogeneous, because lithium iodide 
is soluble in tetraglyme. Then the addition of water (50 ml) precipitated a yellow solid, 
which was then dried in vacuum and purified by vacuum sublimation. This has been 
identified as 2.2'-diiodo-perfluorobicyclobut-1.1'-enyl (128) (1.34 g, 68%); 
(Found C, 19.0; I, 50.2. Csi2Fs requires C, 19.1; I, 50.6%); mlz 502 (M+, 56%); 
19F-NMR spectrum number 23; IR spectrum number 18); mass spectrum number 19. 
Sodium iodide can be used as iodide source and solvents such as ether and 
acetonitrile can also be useful for the synthesis. 
7 .3.2 Synthesis of the di-iodo substituted product from (8) 
Diene (8) (2.22 g, 5.8 mmole) was added to an excess of sodium iodide 
(4.13 g, 27.5 mmole) in acetonitrile (30 ml) and was then stirred at room temperature for 
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1 day. The solven~ was removed in vacuum and subsequently purified by molecular 
distillation in high vacuum to yield an orange viscous liquid. This has been identified as 
b.2'-diiodn-perfluorobicyclo_pent-1.1'-enyl 029) (1.57 g, 45%); (Found: C, 20.2; I, 
41.7. C10hF12 requires C, 19.9; I, 42.2%); mlz 602 (M?, 100%); 19f-NMR 
spectrum (at -40°C) number 25; m spectrum number 19; mass spectrum number 20. 
7.3.3 
7.3.3.1 
Atte..IllQted sxnthesis of the mrurn:iodo substituJed_JlrOOUcts 
With diene (29) 
The mixture of diene (29) (2.45 g, 8.6 mmole), sodium iodide (1.59 g, 
10.6 mmole), and acetonitrile (10 ml) was stirred at room temperature for 7 days. Then 
ether (20 ml) was added to the mixture, which was filtered to remove Nai and NaF 
precipitated. The ether flltrate was evaporated to give a small amount of solid ( < 0.15 g). 
This solid has been identified as a mixture of (128) (9%) and 1-iodo-gerfluoro-
bicyclobut-1.1'-enyl 030> (90%): 19f-NMR spectrum number 24. 
7.3.3.2 With diene (8) 
The mixture of diene (8) (1.90 g, 4.9 mmole) sodium iodide (0.81 g, 5.4 
mmole), and acetonitrile (7 ml) was stirred at room temperature for 3 weeks. Then ether 
(20 ml) was added and filtered to remove the salts. Evaporation of the flltrate gave a very 
viscous liquid (0.25 g). GC analysis showed that this liquid consisted of three 
components, which have been identified as the starting diene (8) (50%), di-iodo 
derivatives (129) (10%), and 1-iodo perfluorobicyclogent-1.1'-enyl 031) (40%); m/z 
494 (M+, 100%); 19F-NMR spectrum number 26; mass spectrum number 21 
7. 3.4 Attempted coypling reactions of the di-iodo derivatives 028) and 029) 
The products (128) or (129), copper powder, and a trace of DMF were 
charged in a small Carius tube, which was then sealed and heated at 130-200°C. The 
colour of the mixture changed to black immediately in each case. The tube was opened 
and the mixture was sublimed in vacuum. In all cases, only a small amount of (128) or 
(129) was recovered. 
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A series of reactions was carried out, altering the conditions. Some are tabulated 
below. 
Substrate Cu Temp Tnne 
g mmole g mmole cc hrs 
(128) 0.50 1 1.0 15.7 150 17 
(activated) 
(128) 0.50 1 0.93 14.6 135 20 
(non-activated) 
(128) 0.3 0.6 0.07 1.1 135 5 
(non-activated) 
(129) 0.2 0.3 1.0 15.7 135 7 
(non-activated) 
7 .3.5 Variable temperature NMR study of C129l in acetonitrile 
A homogeneous acetonitrile solution of di-iodo substituted compound (129) was 
examined by a Brucker AC250 (19F, 235Hz) NMR spectrometer and the temperature 
was decreased to -400C. The measurement was carried out at lOOC intervals up to 40°C. 
7.4 Bifunctional Nucleo_philes 
7.4 .1 Diene (29) with ethylene glycol 
Diene (29) (2.09 g, 7.31 mmole) was placed in a round bottomed flask 
with dry ether (10 ml) and ethylene glycol (0.65 g, 10.5 mmole). Acetonitrile (8 ml) was 
added slowly. The mixture was then stirred at room temperature for 7 hours. 
Evaporation of the solution gave a viscous liquid (1.96 g). G C analysis showed that this 
liquid consisted of two components, which were separated by preparative g.l.c. and have 
been identified as: 
(i) 2-(2-hydroxyethoxylperfluorobicyclobut-1.1'-enyl 032) (0.13 g, 5 %); 
(Found: C, 36.3; H, 1.6; F, 51.8. CwHsF902 requires C, 36.6; H, 1.5; F, 52.1% ); 
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mlz 328 (M+, 17%); lH-, 19JF-NMR spectra number 28; m spectrum number 21; mass 
spectrum number 23. 
!ii) 6-(gentafluorocyclobut -1 I -enyn-7 .7.8.8 tetrafluoro-1.4-dioxaspiro-(5.4 )-
octane (133) (0.15 g, 6%); (Found: C, 36.4; H, 1.9; F, 51.7. Cu)Hs02F9 requires C, 
36.6; H, 1.5; F, 52.1%); mlz 328 (M-20, 42%); lH-, 19JF-NMR spectra number 27; 
llR spectrum number 20; mass spectrum number 22. 
7 .4.2 Diene an with ethylene glycol 
Ethylene glycol (0.37 g, 5.97 mmole) in acetonitrile (5 ml) was added 
dropwise to diene (8) (1.50 g, 3.89 mmole) in acetonitrile (5 ml). The mixture was 
stirred at room temperature for 2 days. The solvent was evaporated to give a viscous 
liquid (0.92 g). G C analysis of the acetonitrile solution of this solution showed only two 
products. One of them was found to be diene (8) The other was separated by preparative 
g.l.c. and has been identified as 2-(2-hydroxyethoxy)gerfluorobicyclopent-1.1 I -enyl 
!!.ill (0.13 g, 7.8%); (Found: C, 33.5; H, 1.3; F, 57.2. C12HsF1302 requires C, 
33.6; H, 1.2; F, 57.7%); m/z 428 (M+, 2%); lH-, 19F-NMR spectra number 29; IR 
spectrum number 22; mass spectrum number 24. 
7 .4.3 Diene (29) with hydroquinone 
The mixture of diene (29)(1.09 g, 3.8 mmole) and hydroquinone (0.30 g, 
2.7 mmole) in ether (15 ml) was stirred at room temperature for 2 days. 19F-NMR 
spectrum of this solution showed only starting diene (29). 
C lliiAf'II'IEJR !Ell G llii'II' 
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8.1 Svnthe_sis of tris(dimetbylaminoJsulDbo.nium trimethvl-difloo:m_sili_£_Qnatel138) 
A 11 'rotaflo' flask was evacuated and SF4 (5.4 g, 50 mmole) was transferred to 
this flask, taking care to exclude moisture. Ether (100 ml), which had been distilled over 
CaH2 and stored over Na wire, was added to !the A side of a Schlenk under N2 (see 
below). Then the Schlenk was cooled down in liquid air and evacuated (through E). SF4 
was transferred to me Schlenk through C. Liquid air was replaced by acetone-dry ice 
bam and allowed to warm up to -78°C. N,N-dimethyltrimemylsilylamine (20.5 g, 17.5 
mmole) was added dropwise to emer SF4 solution, using a dropping funnel with a 
pressure equalising arm, the temperature was maintained at -78°C (for 30 mins) under 
N2. The acetone dryice bath was then removed and the mixture was allowed to warm up 
to room temperature and stirred for 3 days. Mter several hours a white solid began to 
precipitate. 2 days later the Schlenk was full with a white solid and stirring was difficult 
More dry ether (20 ml) was added to the Schlenk. After a total of 3 days the reaction 
mixtme was filtered from A to B in vacuum (through E). A white solid in the side A was 
washed with dry ether (25 ml x 2) and the mixture was flltered in vacuum again. The 
white solid was dried in vacuum for a while and then stored under dry N2 (yield 11 g, 
81 %). This was found to be the desired product (138), by a comparison of 19F-NMR 
spectrum (number 30) in the literature.I4 
c 
A 8 
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8.2 Generation of the carbanion 041) from diene.l._8) wi!h~ous fluoride ion 
wurces 
8.2.1 GenerallProcedure 
Simply, various fluoride ion sources were added to the required solvent and the 
mixture was stirred vigorously for a while. The diene (8) was added to this mixture 
under dry N2. The system was continuously stirred Hllormally for 1 day. Before 
examination by NMR, the mixture was allowed to stand for ten minutes allld the upper 
layer(if there were two layers) was collected carefully under N2 as an NMR. sample. 
8.2.2 With caesium fluoride 
Diene (8) (1.2 g, 3.1 mmole) was added to caesium fluoride (0.5 g, 3.3 mmole) 
in tetraglyme (5 ml). The solution turned to violet in colour immediately. After 2 hours, 
a homogeneous solution was obtained. 19f-NMR spectrum (number 31) confnmed that 
the carbanion (141) had been generated. A slight excess of BF30Et2 (0.47 g, 3.3 
mmole) was added to the mixture to form two layers. The bottom layer was found to be 
diene (8) (1.0 g, 83% ). 
8.2.3 With other alkali metal fluorides 
Diene (8) + MF [:;::> 
tetraglyme 
Diene (8) Fluoride ion Solvent Tune the carbanion 
source (141) 
g mmole g mmole ml days 
0.3 0.77 KF 0.5 8.6 4 1 fonnerd 
0.4 1.0 NaF 0.7 16.7 4 14 not formed 
0.3 0.77 LiF 1.2 46.3 5 14 not formed 
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8.2.4 With TAS-F 03ID 
Diene (8) (0.7 g, 1.8 mmole) and TAS-lF(138) (0.56 g, 2.0 mmole) with 
acetonitrile (5 ml) gave the carbanion (141) solution. 
8.2.5 With IDAE2+2F- .(221 
Diene (8) (0.2 g, 0.5 mmole) and the salt (92) (0.2 g, 0.8 mmole) with 
acetonitrile (4 ml) gave a mixture of me carbanion (141) and starting diene (8). 
8.2.6 With potassium iodide 
Diene (8) (1.2 g, 3.1 mmole) was added to potassium iodide (1.0 g, 6.0 mmole) 
in tetraglyme (5 ml) and a colour change to dark red occurred. 19F-NMR spectrum 
showed the presence of carbanion (141) and 1-iodo-perfluorobicyclopent,l,1'-enyl (131) 
by a comparison of the results in Chapter 3. 
8. 3 Generation of the carbanion ( 141) in various solvents 
Diene (8) F- Source Solvent 
g nnnole g mmole ml 
0.6 1.6 CsF 0.4 2.6 CH3CN 5 
0.7 1.8 KF 0.2 3.5 CH3CN 5 
0.6 1.6 CsF 0.5 3.3 DMSO 7 
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8.4 Diene (8) I F.: ratio dm;endence 
Diene (8) Fluoride ion source Solvent Ratio 
(8) I (F-) 
g mmole g mmole ml 
1.0 2.7 TAS-F 0.2 0.7 CH3CN 3 3.9 
1.0 2.6 TAS-F 1.5 5.5 CH3CN 3 0.5 
0.18 0.47 CslF 0.28 1.8 tetraglyme 4 0.26 
1.34 3.50 CsF 0.28 1.8 tetraglyme 4 1.9 
8. 5 YariabJ.eten:merature NMR studies 
A homogeneous carbanion solution was examined by Brucker AC250 (235 Hz) 
NMR spectrometer and the temperature was decreased to -40°C. The measurement was 
carried out at 10°C intervals up to 80°C. 
8. 6 Attem_pt to isolate thecamanion salt 
8. 6.1 Caesiumsalt 
The carbanion (141) solution obtained from diene (8)(0.5 g, 1.3 mmole) and 
caesium fluoride (0.19, 1.25 mmole) in acetonitrile (3 ml) was cooled down to -15°C but 
no solid was precipitated. The solution was evaporated in vacuum to give a yellowish 
solid. This solid was not soluble in acetonitrile. The condensed volatile material formed 
two layers and the lower one was found to be diene (8). 
8.6.2 TAS salt 
The carbanion (141) solution generated by diene (0.7 g, 1.8 mmole) and TAS-F 
(0.46 g, 1.7 mmole) in acetonitrile (4 ml) was cooled to -15°C but no recrystallisation 
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cccurred. Evaporation of the solvent produced a brown solid (0.73 g, 72%). This solid 
was redissolved completely in acetonitrile. 19F-NMR still showed only the signals 
corresponding to the carbmion (141). 
8. 7 Reactions of the car_bJIDionC141l 
The carbanion solution obtained by diem~ (8) (1.1 g. 2.8 mmole) and caesium 
fluoride (0.6 g, 3.9 mmole) in tetraglyme (5 ml) was used for the following reactions. 
8. 7 .1 With methyl iodide 
Methyl iodide (0.3 g, 2.1 mmole) was added to the carbanion (141) solution (1 
ml) and the mixture was stirred at room temperature for 1 week. Only carbanion (4) was 
detected by 19J<-NMR. 
8.7 .2 With allylbromide 
Allylbromide (0.25 g, 2.1 mmole) was added to the carbanion (141) solution and 
the mixture was stirred at room temperature for 1 day. 19f"-NMR spectrum still showed 
the signals for the carbanion (141 ). 
8.7 .3 With bromine 
Bromine (0.35 g, 3.2 mmole) was added to the carbanion (141) solution (2 ml) 
and the mixture was stirred at room temperature for 1 week to give two layers. The lower 
layer was found to be a mixture of diene (8) (44%) and perfluorobicyclopentylidene (27) 
(56%) by 19F-NMR. 
8.8 Reactions of diene (29) (Qligomerisation) 
8. 8.1 General procedure 
Basically, diene (29) was added to the solution with fluoride ion sources or metal 
halide. The mixture was stirred for a certain period. Addition of water precipitated a 
yellowish or brownish solid. Vacuum sublimation afforded a white solid 
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8.8.2 With an eguimolar or eKcess of fluoride ion 
Diene (29) MF or TAS-F Dimer(142) 
tetraglyme or CH3CN 
r. t 
Diene (29) Solvent F·source T:~IIre Yield (142) 
J mmole g mmole day % 
L6 5.6 tetraglyme CsF 0.84 5.5 1 76 
2.3 8.0 tetraglyme KF 0.58 10.0 1 65 
1.3 4.5 tetraglyme NaF 0.85 20.0 7 68 
3.2 11.2 acetonitrile CsF 1.10 7.2 2 82 
2.1 7.3 acetonitrile TAS-F 2.20 8.0 1 65 
A white solid was identified as gerfluoro-2.4'-di-Cl-cyclo-butylideneJ.:. 
bicyclobutylidene <142); m.p. 127-129°C; (Found: C, 33.4; F, 66.9. Ctof20 requires 
C, 33.6; lF, 66.4%); mlz 572 (M+, 7%); 19F-NMR spectrum number 32; lfR spectrum 
number 23; mass spectrum number 25. 
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8. 8. 3 With a deficiency of fluoride ion 
MlF 
Diene (29) 
tetraglyme , r. t 
Diene (29) JF-sowce 
J mmole g 
0.9 3.2 CsF 0.02 
0.8 2.8 CsF 0.05 
1.3 4.5 KF 0.11 
2.2 7.7 NaF 0.11 
Diene (142) + Oligomers 
(~trimer) 
(144) 
Tune Yield 
(!42) (144) 
mmole day % % 
0.13 6 43 39 
0.31 5 34 24 
1.90 5 26 45 
1.90 5 26 47 
An insoluble solid was identified as Qligomer <CBnf.wn· n > 3) 044): 
m.p. 74-78°C; (Found: C, 33.7; F, 66.6. Cs0F1on requires C, 33.6; F, 66.4%); IR 
spectrum number 24; mass spectrum number 26. 
8. 8.4 With other halide ions 
KX 
Diene (29) 
tetraglyme, r. t 
Diene (29) Halide ion 
source 
Diene (142) and/or Oligomers 
(;;;::trimer) 
(144) 
Tnne Yield 
(142) (144) 
g mmole X g mmole day % % 
1.5 5.2 X 0.91 5.5 14 68 
1.9 6.6 a 0.50 6.7 2 12 36 
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8.8.5 With the carbanion 041) 
Diene (29) (0.5 g, 1.7 mmole) was added to the carbanion (4) solution that was 
generated by diene (80) (1.1 g, 2.8 mmole) and caesium fluoride (0.45 g, 2.% mmole) in 
acetonitrile (10 ml). The reaction was monitored by 19F-NMJR spectrometer. The 
mixture was stirred at room temperature for 2 days then filtered under N2 to give a 
whitish solid and a violet solution. 19F-NMR spectrum of this solution showed signals 
for the carbanion(l41) and the solid was found! to be dimer (142) (0.28 g, 56%). 
8. 9 Reactions of !Jertluorobicyclobutylidene (26) andJ>erfluoro-bicvclopentylidene 
L21> with TDAE (9{)1 
8.9 .1 Alkene (27) in CH.zCl.z 
IDAE (90)(1.41 g, 7.1 mmole) in CH2C12 (20 ml) was added dropwise to alkene 
(27) (3.1 g, 7.3 mmole) in CH2Ch (20 ml), cooling down at 0°C. The solution turned to 
orange. The mixture was then allowed to wann up to room temperature. The solution 
turned from orange to cream yellow. A white solid was precipitated during the reaction. 
The mixture was ftltered.under N2 to afford a white solid and an orange solution. The 
19F-NMR spectrum of this solution showed the presence of diene (8) and the carbanion 
(141) in the ratio of 3:2. No alkene (27) was detected. Addition of BF30Et2 (1.05 g, 
7.4 mmole) gave two layers. This was found to be diene (8), (1.66 g, 59%). 
8.9.2 Alkene (27) in CH3CN 
TDAE (90)(0.97 g, 4.9 mmole) in CH3CN (3 ml) was added to alkene (27) (2.02 
g, 4.8 mmole) in CH3CN (3 ml) at room temperature. The solution turned to yellow and 
a white solid was precipitated. The mixture was flltered under N2 to give a white solid 
and a yellow solution. The 19F-NMR of this solution showed only carbanion (141). 
Addition of BF30Et2 (0.7 g, 5.0 mmole) gave two layers and the bottom one was found 
to be diene (8). (1.5 g, 81 %). 
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3.9.3 Alkene C26l in CHzClz 
TDAE (00)(2.0 g. 120 mmole) in CJH!2Cl:z (5 ml) was added ro alkene (26) (3.5 g, 
10.3 mmole) in CH2Cl2 (5 ml) at 0°C. A yellowish solid was precipitated immediately. 
The mixture was flltered under N2 to give a yellowish solid and an orange solution. This 
solid was washed with water (10 ml) and sublimed in vacuum to give a white solid (1.1 
g, 31 %), which was identified as dimer (142). 
8.10 Reactions of (26) and (27) with TDAE (9ffi without solvent 
8.10.1 Alkene (26) 
TDAE (90)(1.9 g, 9.5 mmole) was added dropwise to alkene (26) (4.06 
g, 12.6 mmole) at 0°C. An orange solid was produced immediately. The liquid was 
transferred in vacuum from the solid and this was found to be alkene (26) by 19F-NMR 
The orange solid was dissolved in CH3CN and filtered under N2 to give a white solid and 
a brown solution, which has been found to contain the carbanion (143); 19F-NMR 
spectrum number 33. BF30Et2 (2.0 g, 14 mmole) was added to this carbanion solution 
and filered under N2 to give a brown solid and a brown solution. 19F-NMR of this 
solution showed the presence of diene (29) as the main product 
8.10.2 Alkene(27) 
TDAE (90) (1.33 g, 6.7 mmole) was added to alkene (27) (3.07 g, 7.2 
mmole) slowly at 0°C. A brown solid was produced immediately. Unreacted alkene (27) 
was removed from the system and CH3CN (10 ml) was added. The solution was then 
filtered under N2 to give a white solid and a brown solution, which was found to contain 
the carbanion (141) by 19F-NMR. BF30Et2 (1.1 g, 7.8 mmole) was added to this 
solution to give diene (8) (1.9 g, 62%) as a separate layer. 
8.11 Ylides 
8.11.1 
8.11.1.1 
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Reaction with triphenylphosphine 
Diene (29) 
Triphenylphosphine (1.17 g, 4.5 mmole) in CH3CN OS ml) was added 
dropwise to diene (29) (LSO g, 5.2 mmole) iLn CH3CN (20 mll) at room temperature and 
left stirring for 1 day. The mixture tmned orange in coAoW'. The evaporation of the 
solvent gave a brown solid. This was washed with dry ether and !has been identified as 
J9_erfluorobicvclobutylidene-2-triphenylphoSP...hooiwn_(1_46),; (2.05 g, 72%); (Found: C, 
57.2; H, 2.8; F, 35.0; .P, 5.5. C26H1sF10lP requires C, 56.9; H, 2.7; F, 34.7; lP, 
5.7%) mlz 548 (M+, 6%); 19F-NMR spectrum number 34; IR spectrum number 25; 
mass spectrum number 27. 
8.11.1.2 Diene (8) 
The mixture of diene (8) (1.8 g, 4.7 mmole) and triphenylphosphine (1.00 
g, 3.8 mmole) was stirred in dry ether (100 ml) for 1 day. 19F-NMR showed that diene 
(8) had not reacted at all. 
8.11.2 
8.11.2.1 
Reactions with pyridine 
Diene (29) 
Pyridine (0.67 g, 8.5 mmole) in CH3CN (5 ml) was added dropwise to 
diene (29) (1.96 g, 6.9 mmole) in CH3CN (5 ml) at room temperature. The mixture was 
stirred for 5 days. The evaporation of the solvent gave a yellow solid and this solid was 
washed with dry ether (lOml). This has been identified as perfluorobicyclobutyliclene-2-
pyridinium 048) (1.19 g, 47%); 19F-NMR spectrum number 35; IR spectrum number 
26. 
8.11.2.2 Diene (8) 
Pyridine (0.45 g, 5.7 mmole) in CH3CN (5 ml) was added to diene (1.34 
g, 3.5 mmole) and the mixture was stirred at room temperature for 5 days. Removal of 
the solvent gave a brown solid, which was washed with dry ether( 1 Oml). This solid has 
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been identified as yerfluorobicyclqgentylidene-2-pyridinium 049) (1.12 g, 69%); l9p_ 
NMR spectrum number 36; liR spectrum number 27. 
3.11.3 JReaction~ C29) with triethylamine 
A Carius tube wa.s charged with triethylamine (0.4 g, 4 mmole) and 
cooled down in liquid air. Then the diene (29) (1.7 g, 6 mmole) was transferred to the 
tube in vacuum. The tube was sealed and wa.s rotated at room temperature. An 
e:xothemnic reaction occurred and a brown solid was produced After 1 day, the tube was 
opened under N2 and the solid was collected, washed with dry ether (lOml), and dried in 
vacuum. This has been identified as gerfluorobicyclobutylidene-2-triethylamrnonium 
.!..liQl (1.43 g, 62%); (Found: C, 43.1; H, 3.7; N, 3.4. C14HtsF10N 1 requires C, 
43.4; H, 3.9; N, 3.6%); 19F-NMR spectrum number 37; IR spectrum number 23. 
ClHIAfP>'II'IE~ NIINIE 
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9.1 Diels-Alder Reactions of Diene (29) and OD 
9 .1.1 General procedure 
Basically, preweighed dienes were transferred in vacuum to a small Carius tube, 
which had been precharged with the reactants, and then sealed The tube was allowed to 
sumd at the reaction temperature; The products obtained were purified by molecular 
distillation or preparative g.l.c. if necessary. 
9 .1.2 Reactions with various acetylenes 
Reactant Diene (29) Temperature Tune 
g mmole g mmole cc daY!_ 
Ei02CC=CC02Et 100 2 
0.2 1.1 0.4 1.4 
F3CC=CCF3 225 5 
0.2 1.2 0.4 1.4 
Ph3CC=CCPh3 150 1 
0.2 1.1 0.5 1.7 
PhOPhC=CPhOPh 150 1 
0.2 0.5 0.5 1.7 
No reaction ocuned in each case. 
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9 .1. 3 Reactions with various olefins 
9.1.4 
9.1.4.1 
Reactant 
g 
Propene 
1.2 
a-methyl styrene 
1.1 
Propene 
1.2 
nnnoe 
(29) 
28.6 
(29) 
5.3 
(30) 
28.6 
Diene 
(29) 
g 
2.0 
1.8 
1.9 
No reaction took place in each case. 
Reactions with hydrocarbon dienes 
Diene (29) with bumdiene 
1 mmoe 
6.9 
6.3 
4.8 
Temp Tune Recovery 
ofdiene 
iys l> 
80 1 83 
80 1 79 
80 1 82 
Diene (29) (2.2 g, 7.5 mmole) and butadiene (3.4 g, 62.9 mmole) were 
heated at 80°C for 5 days. The product mixture was separated by preparative g.l.c. to 
give the adduct 1-Cl-gerfluorocyclobutenyll-6.7.7.8.8-pentafluorobicyclof 4.2.0loct-3-
ene (158) as a colourless liquid (1.6g, 67%); (found: C, 41.9; H, 2.1; F, 55.5. 
Ct2H6Fto requires C, 42.4; H, 1.8; F, 55.9%) m/z 340 (M+, 8%); lH-, 19F-NMR 
spectra number 38; IR spectrum number 29; mass spectrum number 28. 
9.1.4.2 Diene C29) with cyclopentadiene 
A mixture of diene (29) (2.47 g, 8.6 mmole) and cyclopentadiene (0.4 g, 
6.1 mmole) was left at room temperature for 7 days. Volatile material was transferred 
under vacuum to yield a translucent liquid, which contained the mono adduct 059) and 
the dimer of cyclopentadiene. An attempt to separate the adduct was unsuccessful; m/z 
352 (M+, 1 %); 19f-NMR spectrum number 39; mass spectrum number 29. 
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Other unsuccessful reactions are tabwated below. 
Reactant Dime 
g mmole g 
Furan (29) 
0.33 3.8 0.53 
Thiophene (29) 
0.38 4.5 0.50 
Cyclohexa-1,3- (29) 
diene 
0.29 3.6 0.42 
Butadiene (8) 
0.2 0.5 0.5 
Cyclopentadiene (8) 
0.10 1.5 0.16 
cyclohexa-I ,3- (8) 
diene 
0.12 1.5 0.2 
*CH3CN was used as solvent 
No reaction took place in each reaction. 
9.2 Addition ofDiazometbane to Diene(29> and (8) 
9.2.1 A1cohol-freeethereal solution ofdiazomethane 
Tmtpmltl.!re Tune 
mmole ~ da~ 
1.9 80 1 
1.7 Reflux 2* 
1.1 80 2 
1.7 80 2 
0.4 80 1 
0.5 80 1 
Glass apparatus used must have so-called 'clearfit' joints, otherwise diazomethane 
might explode because of the rough surface of ground joints. Potassium hydroxide (6 g) 
in 10 ml of water, diethlyene glycol monoethyl ether (35 ml), and ether (10 ml) were 
charged to a round bottomed flask. p-Tolylsulphonylmethyl nitrosamide (21.5 g) was 
dissolved in ether (125 ml) and added dropwise to the mixture, which was heated at 70-
750C. During the addition of the ether solution, the flask was shaken occasionally and 
more ether (30 ml) was added. The mixture was distilled until the distillate was 
colourless. In order to avoid contacting diazomethane with air (moisture), the distillate 
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was poured into dry ether at 0°C. The ether contained 3.5g of diammethane, according to 
the literaturel67 (ether 130 ml, diaromethane 3.5 g). 
9.2.2 Addition to diene (29) 
An eJtcess of diazomethane ethereal solution was added dropwise to diene (29) 
(2.2 g, 7.7 mmole) with stirring until the yellow colour of diazomethane persisted. The 
mix.ture was stirred for 1 hour at room temperature. Evaporation of lthe solvent gave a 
brown solid, which was purified w yield thedi-adduct 060) (1.3 g, 46%). (Found: C, 
32.4; H, 1.1; F, 50.9; N, 14.6. CwH.~FtoN4 requires C, 32.4; H, 1.1; F, 51.4; N, 
15.1 %); mlz 370 (M+, 1 %); IR spectrum number 30; mass spectrum number 30. 
9.2.3 Addition to diene (8) 
An excess of diazomethane and diene (8) (1.45 g, 3.8 mmole) yielded a white 
solid, which was purified by vacuum sublimation to yield the di-adduct (161), (1.47 g, 
82%). (]Found: C,30.3; H, 0.8; F, 56.2; N, 11.5. Ct2B4Ft4N4 requires C, 30.6; H, 
0.9; F, 56.6; N, 11.9%); mlz 470 (M+, 1 %); XR spectrum number 31; mass spectrum 
number 31. 
9. 3 Anemgted UV Irradiation of Dienes 
9.3.1 Diene (29) 
Diene (29) (0.6 g, 2.1 mmole) was charged to a quartz tube, which was then 
sealed and irradiated using a medium pressure mercury discharge tube, for 7 days. A 
brown solid was produced during the irradiation and most of the diene (29) was 
consumed. This insoluble brown solid was found to be oligomers of (29). (Found: C, 
33.2; F, 66.9. Cg0F10n requires C, 33.6; F, 66.4%); IR spectrum number 32; mass 
spectrum number 32. 
9.3.2 Diene (8) 
Diene (30) (0.7 g, 1.8 mmole) was sealed in a quartz tube and irradiated with UV 
for 7 days, but only unchanged diene (8) was recovered. 
AJP>lPJENIDlHClE§ 
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NMRdam 
No.1 
No.2 
No.3 
No.4 
No.5 
No.6 
No.7 
No.8 
No.9 
No.lO 
No.ll 
No.12 
No.13 
No.14 
No.15 
No.16 
No.17 
No.18 
No.19 
No.20 
No.21 
No.22 
No.23 
No.24 
No.25 
perfluorobicyclobut-1,1 '-enyl (26) 
perfluorobicyclopent-1,1 '-enyl (8) 
perfluoro-1-cyclobutenyl-1-cyclopentene (89) 
tetrakis(dimethyiamino )ethylene (00) 
octaoxamidinium difluoride (92) 
perfluor<>-3,4-dimethy-hexa-2,4-diene (34) 
perfluoro-1 ,2-biscyclobutyl-cyclobutene ( 44) 
perfluoro-2-cyclobutyl-lbicyclobut-1,1 '-enyl (93) 
perfluoro2-cyclobutenyl-bicyclobut-1,1 '-enyl (94) 
2,2 '-dimethyl-perlluorobicyclobut-1, 1' -enyl ( 108) 
2,2'-dimethyl-perfluorobicyclopent-1,1 '-enyl (109) 
2,2' -diethyl-perfluorobicyclobut-1,1 '-enyl (110) 
1-perfluorocyclobut -1 '-enyl-2-hydroxy-3,3-difluoro-cyclobut-3-none 
(113) 
1-perfluorocyclopent-1 '-enyl-2-hydroxy-3,3,4,4-tetrafluoro-
cyclopente-5-none (116) 
the sodium salt of (113) 
the sodium salt of (116) 
2,2' -bis(phenylamino)-perfluorobicyclobut-1,1 '-enyl (123) 
2-phenylamino-perfluorobicyclobut-1,1 '-enyl (124) 
2-phenylamino-perfluorobicyclopent-1, 1 '-enyl (124) 
2,2' -bis(pyrrol-2-yl)-perfluorobicyclobut-1,1 '-enyl (125) 
2-(pyrrol-2-yl)-perfluorobicyclobut-1,1 '-enyl (127) 
2,2' -bis(N-methylpyrrol-2-yl)-perfluorobicyclobut-1, 1 '-enyl (126) 
2,2' -diiodo-perfluorobicyclobut -1, 1 '-enyl ( 128) 
2-iorlo-perfluorobicyclobut-1,1 '-enyl (130) 
2,2 '-diiodo-perfluorobicyclopent-1, 1 '-enyl (129) 
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No.26 
No.27 
No.28 
No.29 
No.30 
No.31 
No.32 
No.33 
No.34 
No.35 
No.36 
No.37 
No.38 
No.39 
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2-icdo-perfluorobicyclopent -1,1 '-enyl ( 131) 
6-perfluorccyclobut-1 '-enyl-7 ,7 ,8,8-tetrafluoro-1,4-diox.a-spirp-
(5.4)-cctane (133) 
2-(2" -hydroxyethox.y)-perlluorobicyclobut-1,1' -enyl (132) 
2-(2"-hydroxyethoxy)-perfluorobicyclopent-1,1'-enyl (134) 
ms(dimethyamino)sulphonium trimethylldifluoro siliconate (138) 
the carbanion from (8) (141) 
perfluoro-2,4' -bis( 1-cyclobutylidene )-bicyclobutylidene ( 142) 
the carbanion from (29) (143) 
perfluorobicyclobutylidene -2- triphenylphosphine (146) 
perfluobicyclobutylidene-2-pyridinium (148) 
perfluobicyclopentylidene-2-pyridinium (149) 
perfluobicyclobutylidene-2-triethylammonium (150) 
the mono-adduct by the reaction of diene (29) with butadiene (158) 
the mono-adduct by the reaction of diene (29) with cyclopentadiene 
(159) 
NMR spectra were recorded in d3-acetonitrile unless stated. Spectra 5, 15, and 16 and 
were recorded in !hO. Spectra 31 was recorded in tetraglyme. Spectra 1, 2, and 3 
were recorded in d-chrolofonn. 
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No.1 pertluorobacyclobut-1,1' -enyl(29) No.2 Periluorobicyclopeny-1 ,1' -enyi(S) 
a b0---0 a :e---B c 
d 
Chemical Shift Mutiplicity Relative Assignment 
(ppm) Coupling Constants(Hz) intensity Chemical Shifl Mutiplicity Relative Assignment 
·95.7 m 1 a (ppm) Coupling Constants(Hz) Intensity 
·115.7 m 2 c ·107.2 m 1 a 
-117.2 m 2 b -109.1 m 2 d 
-119.3 d 0 Jzctc 19 2 b 
-129.9 m 2 c 
-~ 
l'tU • .J r~IIIUUIU•I "'1,;}'\iiUUUl~II}'I•J•I.iJwiUj.l~lll~II~\Do:JJ 
a g b0-0; 
c d 
Chemical Shift Mutiplicity 
(ppm) Coupling Constants(Hz) 
-94.2 m 
-109.9 m 
-115.1 d, Jada 19 
-115.7 m 
-118.3 m 
-120.1 m 
-130.8 m 
Relative 
Intensity 
2 
Assignment 
a 
d 
g 
2 cor b 
2 bore 
2 
2 e 
N0.4 
Chemical Shift 
(ppm) 
1H 
2.5 
1 etra(mmemyammo)emy•ene(~U) 
Me2N NMe2 
>=< Me2N NMe2 
Mutiplicity 
Coupling Constants(Hz) 
broad 
Relative 
Intensity 
Assignment 
-~ 
-
No.5 Octao)(amidiniuni-difluoride(92) 
Me2~ ~Me2 +~>--<:+ 
Me2N N-Me I 
Me in 0 20 
Chemical Shift Mutiplicity Relative Assignment 
(ppm) Coupling Constants(Hz) Intensity 
19F 
-130.3 9 
1H 
3.3 s, broad 
3.6 s, broad 1 
No.s Perfluoro-3,4-dimethy!-helta-2,4-diene(34) 
Chemical Shift 
(ppm) 
-60.5 
-72.0 
-109.9 
c 
a FlRCF3 CF3 
~ .& F 
Cf3 CF 
b 3 
Mutiplicity 
Coupling Constants(Hz) 
d 'J = 19.5 
s 
s, broad 
Relative Assignment 
~ntensity 
3 c 
3 b 
1 a 
-~ 
No.7 Perfluoro-1,2-bicyclobutyl-cyclobutene( 44) 
Chemical Shift 
(ppm) 
-110.8 
-125.2 
-130.7 
-128.2 
-132.0 
-178.5 
Jb(h c 
~ md 
Mutiplicity 
Coupling Constants(Hz) 
s 
AB 
JFF= 234 
AB 
JFF=230 
s 
Relative Assignment 
Intensity 
2 a 
4 c 
2 d 
1 b 
No.8 Perfluoro-2-cyclobutyl-bicyclobut-1 ,1'-enyl(93) 
Chemical Shift 
(ppm) 
-88.2 
-109.7 
-114.4 
-115.9 
-118.1 
-125.9 
-130.2 
-128.2 
-132.2 
-184.5 
~e d c F h b 
Mutiplicity 
Coupling Constants(Hz) 
m 
d? 
s, broad 
d? 
m 
AB 
JFF= 231 
AB 
JFF=.226 
s, broad 
Relative Assignment 
Intensity 
1 a 
2 a 
2 d 
2 c 
2 b 
4 g 
2 h 
-~ 
1 b UJ 
No.9 Perfluoro-2-cyclobutenyl-bicyclobut~ 1,1 '-enyl(94) 
A, 
a b 
Chemical Shift Mutiplicity Relative Assignment 
(ppm) Coupling Constants(Hz) Intensity 
-89.1 s, broad 1 a 
-113.1 s 2 d 
-114.8 s, broad 2 c 
-117.7 s, broad 2 d 
No. 1 0 2,2' -dimetho)(yl-perfluorobicyclobut-1 , 1 '-enyl( 1 08) 
Chemical Shift 
(ppm) 
19F 
-111.7 
-114.4 
1H 
4.1 
OMe 
a~ Yl: 
c 
Mutiplicity 
Coupling Constants(Hz) 
m 
m 
s 
Relative Assignment 
lntensitlf 
1 b 
1 a 
c 
-t: 
No. 11 2,2'-dimethoxyl-perfluorobicyclopent-1,1'-enyl(1 09) 
Chemical Shift 
(ppm) 
19F 
-106.0 
-116.4 
-131.3 
1H 
4.1 
OMe 
:~~ ~ 
d 
Mutiplicity 
Coupling Constants(Hz) 
s 
s 
s 
s 
Relative Assignment 
Intensity 
1 c 
1 a 
1 b 
d 
No. 12 2,2'-diethoxy!-pei11uorobicyclobut-1,1'-enyl(11 0) 
~ 
•y--yH,cH, 
c d 
Chemical Shift Mutiplicity !Relative Assignment 
(ppm) Coupling Constants(Hz) Intensity 
19F 
-110.6 m 1 a 
-113.4 m 1 b 
1H 
1.4 t 3 d 
4.4 q 2 c 
-~ Ul 
No. 13 1-perfluorocyclobut-1'-enyl-2-hydroxy-3,3-difluoro-
-1-bute-3-none(113) 
0 
~--* by-y.F2d 
OH 
Chemical Shift Mutiplicity Relative Assignment 
(ppm) Coupling Constants(Hz) Intensity 
19F 
-102.8 t 1 a 
-113.4 s .broad 2 d. 
-115.4 m 2 c 
-117.5 m 2 b 
13C 
125.7 t, JCF =291 d 
152.3 t,m,JCF=352.1 a 
179.1 t ,d , JCF = 23.3 e 
JCF= 1.9 
1H 
The corresponding resonance was not observed due to proton 
exchange with water. 
No.14 1-perfluorocyclobut-1' -enyl-2-hydroxy-3,3,4,4-
tetraf!uoro-cyclo-1-pent-3-none(116) 
~0 b F2 e c F2 i 
OH 
Chemical Shift Mu1iplicity Relative Assignment 
(ppm) Coupling Constants(Hz) Intensity 
19F 
-107.9 d ,JFF= 10.8 2 d 
-115.1 m 1 a. 
-120.4 d, JFF= 14.4 2 b 
-125.2 s 4 e 
-131.9 s, broad 2 c 
13C 
109.9 t , t , JFF = 263.6 e 
JCF= 22.1 
-.$:>. 0'\ 
155.8 d , m , JcF = 307.1 a 
176.5 t ,broad , JCF = 25.5 
1H 
The corresponding resonance was not observed due to proton 
exchange with water. 
No.15 
Chemical Shift 
(ppm) 
-109.4 
-114.4 
-115.2 
-118.4 
The sodium salt of ( 113) (118) 
0 
F2 d 
Na+ 
Mutiplicity Relative 
Coupling Constants(Hz) Intensity· 
t 1 
m 2 
s, broad 2 
s, broad 2 
Assignment 
a 
c 
d 
b 
No. 16 
Chemical Shift 
(ppm) 
-107.9 
-118.7 
-120.8 
-127.3 
-131.0 
The sodium sal a of ( 116) 
(119) 
b 
c 
Mutiplicity Relative 
Coupling Constants(Hz) Intensity 
d, JFF=9.6 2 
d, JFF= 13.7 2 
m 1 
s, broad 4 
s, broad 2 
Assignment 
d 
b 
a 
e 
c 
-~ 
..,JJ 
No. 17 2,2' -bis(phenylamino)-perfluorobicyclobut-1 ~ 1' -enyl 
(122) 
NHPh 
0--t· 
Ac 
vd 
a 
Chemical Shift Mutiplicity Relative Assignment 
(ppm) Coupling Constants(Hz) Intensity 
19F 
-106.3 s, broad 1 b 
-114.8 s, broad 1 a 
1H 
6.7 d. broad 2 d 
7.1 t 1 e 
7.2 t 2 c 
9.0 broad ? 
No.18 2-phenylamino-perfluorobicyclobua-1,1' -enyl (123) 
a d bHe 
Ag 
vh 
Chemical Shift Mutiplicity Relative Assignment 
(ppm) Coupling Constants(Hz) Intensity 
19F 
-107.3 m 2 e 
-109.5 s. broad 1 a 
-114.4 s, broad 2 d 
-115.0 m 2 c 
-116.6 m 2 b -~ 
Ot) 
1H 
7.2 d 2 g 
7.3 
7.4 t 2 h 
8.5 broad ? 
No.19 2-phenylamino-perfluorobicyclopent-1,1'-enyl (124) 
a e 
b~t c1 ~g 
Ah~ 
vi 
k 
Chemical Shift Mutiplicity Relative Assignment 
(ppm) Coupling Constants(Hz) Intensity 
19F 
-100.3 broad 2 g 
-107.4 broad 1 a 
-115.1 broad 4 d+e 
-118.3 broad 2 b 
-129.0 broad 2 fore 
-130.2 broad 2 c orf 
1H 
7.2-7.4 unassigned 
No. 20 2,2'-bis(pyrrol-2-yl)-periluorobicyclobut-1,1' -any! 
(125) 
Chemical Shift 
(ppm) 
Mutiplicity Relative 
Intensity 
Assignment 
19f 
-106.5 
-113.6 
1H 
Coupling Constants(Hz) 
m 
m 
6.4-7.3 unassigned 
b 
a 
-~ 
No. 21 2-(pyrrol-2-yl)-perfluorobicyclobut-1, 1 '-enyl 
(127) 
a d 
b 
Chemical Shift Mutiplicity Relative Assignment 
(ppm) Coupling Constants(Hz) Intensity 
19f 
-101.4 t 1 a 
-111.0 AB, JFF = 15.5 2 e 
-112.3 m 2 d 
-114.1 m 2 c 
-115.5 m 2 b 
No. 22 2,2' -bis(N-methylpyrrol-2-yl)-pertluorobicyclopent-
1, 1 '-any! (126) 
e 
Chemical Shift Mutiplicity Relative Assignment 
(ppm) Coupling Constants(Hz) Intensity 
19F 
-108.4 m 1 b 
-109.0 m 1 a 
1H 
3.7 s 3 
..... 
6.1 d 1 a VI 0 
6.3 AB, JHH= 2.2 1 d 
6.8 s, broad 1 c 
No.23 
Chemical Shift 
(ppm) 
19F 
-108.3 
-112.0 
. . ' 
2,2 -diiodo-perfluorobicyclobut-'1, 1 '-enyl 
(128) 
I 
·~ 
I 
Mutiplicity Relative 
Coupling Constants(Hz) Intensity 
m 1 
m 1 
Assignment 
a 
b 
No.24 
Chemical Shift 
(ppm) 
19F 
-92.1 
-111.4 
-112.0 
-112.4 
-116.2 
2-iodo-perfluorobicyclobut-1 , 1' -enyl 
(130) 
a e 
b~d 
I 
Mutiplicity Relative 
Coupling Constants(Hz) Intensity 
t 1 
m 2 
m 2 
m 2 
m 2 
Assignment 
a 
d 
a 
c 
b 
-UQ 
-
No.25 2,2-diiodo-perfluorobicyclopent -1 , 1 '-enyl No.26 2-iodo-perfluorobicyclopent-1, 1 '-enyl (129) (131) 
I a g 
:~ :~: I 
I 
Chemical Shift Mutiplieity Relative Assignment 
Chemical Shift Mutiplicity Relative Assignment (ppm) Coupling Constants(Hz) Intensity 
(ppm) Coupling Constants(Hz) Intensity· 
19f 
19f measured at low temparature(-233K) -105.9 t 2 e 
-106.5 AB 1 e or 
-110.1 JFF= 260.8 -106.7 s, broad 2 d org 
-106.3 AB 1 a ore -108.2 s, broad 2 g ord 
-112.3 JFF= 259.8 
-109.7 s, broad 1 a 
-129.1 AB 1 b 
-131.8 JfF= 237.7 -118.2 d ,JFF= 15.1 2 b 
-128.9 s. broad 2 eori 
-129.7 s. broad 2 fore 
-Ub N 
No.27 
Chemical Shift 
(ppm) 
19f 
-103.0 
-114.9 
-124.6 
-115.6 
-119.4 
-127.9 
-133.5 
tH 
3.7 
3.9 
4.5 
6-pentafluorocyclobut-1 • -enyl-7, 7,8,8-tetrafluoro 
-1 ,4-dioxa-spiro-(5,4)-octane (133) 
~9 by _x. 
c 0 0 
\_} 
f g 
Mutiplicity Relative Assignment 
Coupling Constants(Hz) Intensity 
m 1 a 
AB,m 2 d 
JFF = 215.4 
m 2 c 
m 2 b 
AB,m 2 e 
JFF= 217.5 
t 2 f org 
t 2 g orf 
broad 1 h 
No. 28 2-(2"-hyroxyetho)(y)-perfluorobicyclobuH, 1 '-any~ 
(132) 
Chemical Shift 
(ppm) 
19F 
-104.5 
-112.3 
-115.5 
-115.9 
-117.5 
tH 
3.8 
4.5 
a d 
b~G 
y lcH2CH20H 
I g 
Mutiplicity Relative 
Coupling Constants(Hz) Intensity 
t 1 
m 2 
m 2 
m 2 
m 2 
I 
' 
t 1 
Assignment 
a 
d 
e 
c 
b 
-U'u 
g ~ 
No. 29 2-(2"-hyroxyethoxy)-perfluorobicyclopent-1, 1 '-enyl 
(134) 
a 8 f b~g 
c '-{ ~2CH20H 
I h 
Chemical Shift Mutiplicity Relative Assignment 
(ppm) Coupling Constants(Hz) Intensity 
t9F 
-105.2 s, broad 2 e 
-107.3 s. broad 2 d 
-113.1 s, broad 2 g 
-113.9 p 1 a 
-119.3 d ,JFf= 16.2 2 b 
-130.0 s. broad 2 corf 
-130.5 s, broad 2 fore 
tH 
3.8 t 1 h 
4.5 
No.30 
Tris-( dimethyamino)sulphonium-difluoro-trimethylsiliconate 
(138) 
Chemical Shift 
(ppm) 
t9F 
-59.0 
+ -(Me2N)3SMe3SiF2 
Mutlplicity 
Coupling Constants(Hz) 
s 
Relative 
Intensity 
Assignment 
-t..PI ~ 
No.31 
Chemical Shift 
(ppm) 
-84.6 
-107.7 
-110.5 
-129.2 
-129.9 
-157.1 
The carbanion of diene(B) 
(141) 
e a 
·~· b ~ccs• 
d 
IVIutiplicity 
Coupling Constants(Hz) 
s, broad 
s, broad 
s. broad 
s. broad 
s, broad 
s. broad 
Relative 
Intensity 
4 
2 
2 
2 
4 
1 
Assignment 
a 
d 
b 
c 
. 
a 
No.32 
Perfluoro-2,4'-di(1-cyclobutylidene)-bicyclobutylio1ene 
(142) 
c b 
Chemical Shift Mutiplicity Relative Assignment 
(ppm) Coupling Constants(Hz) Intensity 
-110.1 s 2 c 
-117.9 s 2 b 
-130.6 s 1 a 
"""' lP1i 
lP1i 
No.33 
Chemical Shift 
(ppm) 
-88.5 
-107.0 
-113.0 
-121.7 
-142.2 
The carbanion of diene(29) 
(143) 
~~·), TDAE'• 
Mutiplicity Relative 
Coupling Constants(Hz) Intensity 
s, broad 4 
s, broad 2 
d, JFF= 19.8 2 
s, broad 2 
s, broad 1 
Assignment 
d 
b 
c 
e 
a 
No.34 
Perfluorobicyclobutylidene-2-triphenylphosphonium 
(146) 
c b dMa 
+PPh3 
I 
Chemical Shift Mutiplicity Relativs Assignment 
(ppm) Coupling Constants(Hz) 
-98.0 broad 
-100.3 broad 
-102.2 broad 
-113.3 d, JFF= 15.3 
-128.6 broad 
lntansity 
1 
1 
1 
1 
1 
a 
core 
e ore 
b 
d 
-VI 0\ 
No.35 
Chemical Shift 
(ppm) 
19F 
-91.0 
-96.2 
-107.0 
-114.6 
-125.8 
1H 
8.1 
8.4 
8.6 
Perfluorobicyclobutylidene-2-pyridinium 
(148) 
d 
b ~c a 
ON+, g :::::-.... 
h 
Mutiplicity 
Coupling Constants(Hz) 
broad 
broad 
broad 
t? 
broad 
t 
t 
d 
Relative 
Intensity 
1 
1 
1 
1 
1 
2 
1 
2 
Assignment 
a 
core 
a ore 
b 
d 
g 
h 
No.36 
Chemical Shift 
(ppm) 
19F 
-89.0 
-90.9 
-102.6 
-109.2 
-129.7 
-131.6 
-131.9 
Perfluorobicyclopentylidene-2-pyridinium 
(149) 
d c er!XJb F - F 
1 _ a 
g 
+N 0 
Mutiplicity Relative 
Coupling Constants(Hz) Intensity 
broad 1 
broad 1 
broad 1 
t? 1 
broad 1 
broad 1 
broad 1 
Assignment 
a 
d org 
g ord 
c 
b, a or I 
...... 
b. a orf l.Pii 
-..JJ 
b. e or I 
No. 37 Perfluorobicyclobutylidene-2-triethy'lammonium 
(150) 
) 
<?=i?c b a d 
e + N(CH2CH3h 
I g 
Chemical Shift Mutiplicity Relative Assignment 
(ppm) Coupling Constants(Hz) Intensity 
19F 
-92.1 broad 1 a 
-95.1 broad 1 core 
-99.5 broad 1 e ore 
-115.0 t? 1 b 
-126.0 m 1 d 
1H 
1.3 t 3 g 
3.6 q 2 f 
No.38 
The monoadduct by the reaction of diene(29) with 
butadiene ( 158) 
b 
Chemical Shift Mutiplicity Relative Assignment 
(ppm) Coupling Constants(Hz) Intensity 
19f 
-101.1 p 1 a 
-113.7 broad 2 c 
-119.1 s. broad 2 b 
-118.1 AB, JFF = 210.6 2 e 
--122.7 JHF = 19.5 VI C)t) 
-127.0 AB, 2 d 
-128.0 JFF= 214.8 
-163.4 s, broad 1 e 
1H 
2.9 s. broad 2 h 
2 6-3.0 m,AB 2 g 
6.0 s, broad 
No.39 
The monoadduct by the reaction of diene(8) with 
cyclopentadiene (159) 
b 
Chemical Shift Mutiplicity Relative Assignment 
(ppm) Coupling Constants(Hz) Intensity 
19F 
-102.8 p 1 a 
-114.9 broad 2 c 
-114.3 AB 2 e 
-127.1 JFF = 218.0 
-118.8 t 2 b 
-Ull 
-126.7 AB 2 d \0 
-128.6 JFF = 221.2 
-181.9 d, JHF=33.4 
AJPlJPlterm«lln~ 1I'w({J) 
lfnfrn Red S_Dectra 
No.1 
No.2 
No.3 
No.4 
No.5 
No.6 
No.7 
No.8 
No.9 
No.lO 
No.ll 
No.12 
No.13 
No.14 
No.l5 
No.l6 
No.17 
No.l8 
No.l9 
No.20 
No.2 I 
No.22 
No.23 
No.24 
No.25 
No.26 
No.27 
No.28 
No.29 
No.30 
No.3 I 
No.32 
perfluorobicyclobutylidene and its isomer (26) 
perfluorobicyclopentylidene (27) 
perfluorobicyclobut-1,1 '-enyl (26) 
perfluorobicyclopent-1,1'-enyl (8) 
perfluoro-3,4-dimethy-hexa-2,4-diene (34) 
2,2 '-dimedlyl-pertluorobicyclobut-1, 1 • -enyl ( 108) 
2,2' -dimethyl-perlluorobicyclopent-1,1' -enyl (109) 
2,2 '-diethyl-perfluorobicyclobut-1,1' -enyl (110) 
1-perfluorocyclobut-1 '-enyl-2-hydrox:y-3,3-difluoro-cyclobut-3-none 
(113) 
1-perfluorocyclopent-1' -enyl-2-hydrox:y-3,3,4,4-tetrafluoro-
cyclopente-5-none (116) 
the sodium salt of (113) 
the sodium salt of (116) 
2,2 '-bis(phenylamino )-perfluorobicyclobut-1, 1 '-enyl ( 123) 
2-phenylamino-perfluorobicyclobut-1, 1 '-enyn (124) 
2-phenylamino-perfluorobicyclopent-1, 1 '-enyl (124) 
2,2' -bis(pyrrol-2-yl)-perfluorobicyclobut-1, 1 '-enyl (125) 
2,2 '-bis(N -methylpyrrol-2-yl)-perfluorobicyclobut -1,1 '-enyl (126) 
2,2 '-diiodo-perfluorobicyclobut-1, 1 '-enyl (128) 
2,2' -diiodo-perfluorobicyclopent-1, 1 '-enyl (129) 
6-perfluorocyclobut-1 '-enyl-7 ,7 ,8,8-tetrafluoro-1 ,4-diox:a-spirp-
(5,4)-octane (133) 
2-(2" -hydrox:yethox:y )-perfluorobicyclobut-1, 1 '-enyl (132) 
2-(2" -hydrox:yethox:y)-perfluorobicyclopent -1,1 '-enyl (134) 
perfluoro-2,4' -bis(1-cyclobutylidene)-bicyclobutylidene (142) 
the oligomers of diene (29) 
perfluorobicyclobutylidene -2- triphenylphosphine (146) 
perfluobicyclobutylidene-2-pyridinium (148) 
perfluobicyclopentylidene-2-pyridinium (149) 
perfluobicyclobutylidene-2-triethylammonium ( 150) 
the mono-adduct by the reaction of diene (29) with butadiene (158) 
the di-adduct by the reaction of diene (29) with diazomethane ( 160) 
the di-adduct by the reaction of diene (8) with diazomathane (161) 
the oligomers of (29) by UV irradiation (162) 
160 
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Mass spectra 
No.1 
No.2 
No.3 
No.4 
No.5 
No.6 
No.7 
No.8 
No.9 
No.lO 
No.ll 
No.12 
No.13 
No.14 
No.15 
No.16 
No.17 
No.18 
No.19 
No.20 
No.21 
No.22 
No.23 
No.24 
No.25 
No.26 
No.27 
No.28 
No.29 
No.30 
No.31 
No.32 
168 
perfluorobicyclobut-1,1 '-enyl (26) 
perfluorobicyclopent-1 ,1' -enyl (8) 
perfluoro-1-cyclobutenyl-1-cyclopentene (89) 
perfluoro-3,4-dimethy-hexa-2,4-diene (34) 
perfluoro-2-cyclobutyl-bicyclobut-1,1 '-enyl (93) 
pufluoro2-cyclobutenyl-bicyclobut-1,1 '-enyl (94) 
2,2 • -mmethyl-perfluorobicyclobut-1,1 • -enyX ( W8) 
2,2'-dimethyl-perfluorobicyclopent-1,1'-enyl (109) 
2,2'-diethyl-perfluorobicyclobut-1,1' -enyl (110) 
1-perfluorocyclobut-1 '-enyl-2-hydroxy-3,3-difluoro-cyclobut-3-none 
(113) 
1-perfluorocyclopent-1 '-enyl-2-hydroxy-3,3,4,4-tetrafluoro-
cyclopente-5-none (116) 
the sodium salt of (113) 
the sodium salt of (116) 
2,2 '-bis(phenylamino )-perfluorobicyclobut-1, 1 '-enyl (123) 
2-phenylamino-perfluorobicyclobut-1,1 '-enyl (124) 
2-phenylamino-perfluorobicyclopent-1, 1 '-enyl (124) 
2,2' -bis(pyrrol-2-yl)-perfluorobicyclobut-1, 1' -enyl (125) 
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perfluoro-2,4' -bis(1-cyclobutylidene )-bicyclobutylidene ( 142) 
the oligomers of diene (29) (144) 
perfluorobicyclobutylidene -2- triphenylphosphine (146) 
the mono-adduct by the reaction of diene (29) with butadiene (158) 
the mono-adduct by the reaction of diene (29) with cyclopentadiene 
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the di-adduct by the reaction of diene (29) with diazomethane ( 160) 
the di-adduct by the reaction of diene (8) with diazomethane (161) 
the oligomers of diene (29) by UV irradiation (162) 
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O.S7 
1. S3 
0.20 
0.29 
2S.50 
3.22 
2.80 
1. 54 
0.47 
0.39 
66.42 
S.64 
0.74 
5.01 
0.51 
0.32 
16.89 
2.25 
2. 14 
0.21 
1. 59 
100.00 
13.00 
1. OS 
19 
SOD Gllll 
HRR= 119 
RRSS= 
589 
177 
W4570Ulli0o d Bgd=lll54 26·rE9·92 09=3N=13=11 7DE El• 
Bpll=ll I=I.Su Ho=341l TIC=421470Dil Rent= Sys=tlll~llliliRII 
FR3 O.lllSEC Gt= 160° Cal=Prmm 
w ~ 
88 
so 
40 
20 
144 2 4 
IDD6i 
3 
0 s±o------~,o-o----~~~--~~~~~~~~~->~~--~-3~~------4~~o--=-=-~q~ 
I'IO!l!l 
lUi. 97 
123.97 
132.96 
135.96 
137.96 
143.96 
14<'1.96 
184.93 
166.93 
164.99 
167.99 
181.67 
183.92 
184.92 
186.91 
186.91 
192.92 
19<'l.92 
198.96 
204.92 
206.93 
206.98 
210.93 
211.94 
213.92 
214.92 
233.91 
234.91 
236.89 
241. 90 
243.01 
26&.46 
2G0.90 
261.89 
262.91 
268.93 
270.93 
271. 92 
274.89 
281.87 
282.89 
.284. 21 
289.94 
290.93 
309.90 
310.92 
31111. 96 
337.91 
338.93 
339.9!3 
"1. 811!10 
0.39 
0.30 
0.66 
6.82 
0.44 
58.87 
2.76 
1. 17 
4.06 
.tt 2.06 
0.47 
0.!56 
B. 12 
0.!56 
20.78 
2.28 
0.97 
1. 28 
0.44 
1. 17 
24. 79 
2.03 
0.66 
0.40 
9.!58 
1. 09 
44.6G 
4.06 
0.31 
23.06 
10.45 
0.75 
0.39 
6.37 
O.G3 
1. 01 
2.71 
0.31 
0.42 
100.00 F 
9.03 F 
1. 00 
1. 06 
2.03 
24.77 
4.06 
1. 09 
41.77 F 
6.09 F 
0.43 
173 
TNI47017o xl Bgd=5 15-ARV-99 14 52•8 81 28 78[ 
BpR=O I=IBu HQ=522 TIC=2638S2889 Rent· 
TRKR 15-RRY-GG PT= 9° 
CI-
Sys RCE 
Cal : Pf!C IB~RY 
HRR: 
RRSS: 
100 242 
95 261 
98 
85 
88 
75 
78 
65 
68 
55 
58 
45 
40 
1'i 
lR 
.,. 
t I 
2~ 
I~ 
10 
0 
199 ;·~a 3R9 488 588 
f'lllU 1. Base 
182.81 0.40 
183.82 I. 74 
195.81 0.44 
202.82 0.87 
203.81 0.37 
205.81 0.67 
213. 78 I. 11 
215.81 I. 28 
218.80 0.36 
220.78 10.62 
221. 78 0. 85 
Z22. 79 I. 08 
223. 78 2.93 
233. 79 0.85 
238. 79 0.49 
240. 79 28.92 
241 '70 100. 00 
242. i7 9.82 
243. 77 I. :!7 
2'39. 7;; 2.Z6 
260. 7~ 6793 
261.75 13.87 
2112. 75 I. ! 9 
179 
mt4B01Bo nl Bgrl=6 15·RRY·90 15' 13•8 Ill 32 78£ Cl· 
8pll=e 1=6.7u Ht1=SS3 TIC=184515888 Rent' 
TAKA lS·RRV-GG PT= 9° 
SysoftC£ 
C~t:PFK19RAY 
lOll. 
95 
9D 
85 
G~ 
75 
78 
65 
60 
55 
58 
45 
48 
35 
30 
25 
28 
IS 
18 
5 
0 
.:61. 
:62 
:63. 
:64 
:as. 
:66. 
:67 
168 
:ss 
:7c 
:71 
:75 
:76 
.. -~ .. , . 
:;s 
:7S 
:eo 
1a1. 
':"'? 
~a 
so 
;a 
'73 
-:-a 
""5 
75 
I I 
.. 
79 
-s 
70 
79 
79 
77 
7S 
:a2.76 
:za3. 78 
ZS4. 75 
:as. 74 
:as. 75 
1s7 75 
zaa 76 
:as. ;.; 
291. 73 
194 72 
:95 "'3 
:96 , .. 
:97 :.; 
:sa. 71 
:ss.-:-.a 
300.72 
301.7Z 
304:. i.J 
l 
180 
•) 512 
0 -~ 
?. . . 
0 83 
0.96 
1 S! 
5. 35 
1 04 
4 57 
0 5! 
1), 69 
2. ~= 
0 53 
0 . ss 
0. 00 
0. 52 
0. , .. 
0 :.a 
0 60 
0. 52 
l.CS 
8.86 
1.77 
16.95 
1. 73 
0. 79 
0.42 
0.94 
0 97 
0. 49 
1).52 
o . ..:s 
0. .. ~ _, 
0. 92 
0. <12 
0. a3 
342 
361 
386 
324 
288 
1 l II l 
288 388 
.lU3 70 8 8-1 
304 71 -· .:.:. 
305 ~ .. . ... JQ.C:1 
306 7~ ol .,. 
307 .. .; 3. ..., 
JOa 73 0 .:.; 
313. 70 2. 2! 
315 73 0. 93 
316. 72 0. 59 
317 71 0. 47 
31a.n 0 s: 
319 71 0. JS 
320.70 0. 6c 
321.72 0 . 3.: 
322.6S 2. ;:: 
323.69 20. l: 
324 70 s.,;s 
325.71 9.37 
J:Z6. 72 0.95 
335. 72 1. 51 
336.;;: o.s,; 
337 70 0.41 
338.70 0.59 
33S 71 0.44 
34068 1. 90 F 
341. 67 100.00 F 
342.68 15.66 
343.68 2.a8 
344. 70 0.33 
360.66 38.35 
361.67 14.44 
362.67 1. 7a 
363.69 0. 35 
MaWa3S2 
Hill!: 
RASS: 
489 580 600 
um 
Tll43310}o xl Bgd=6 }·tlDU·91 12 88•8 91 14 }8[ 
BpR=H I =Uv HQ=B99 TIC=362G4980 Rent 
TRKR PI= 0° 
188 2GB 
811 
68 
48 
28 
241 
8 
188 288 188 498 
Han "1. BasQ 
58. 75 I. 74 
70. 76 1. 01 
88. 75 I. 59 
90. 76 6.43 
116. 66 I. 82 
154 59 1. 16 
163.58 I. II 
166.57 2.99 
182.56 9. 10 
185.54 1. 13 
241. 43 10.95 
242.43 3.37 
260 41 100.00 
261.41 11.02 
262.41 1. 69 
272.39 I. 43 
296.36 I. 42 
302.35 I. 47 
332.34 I. 02. 
37.:1.31 I. 01 
522. 16 0.65 
523. 16 0.29 
525. 16 077 
526. 18 0 34 
544 14 3.99 
ra-
sys·rno 
Cal PfKI40CT 
509 698 1811 
HAR 
RRSS: 
BOD 
un 
IN4H20&o xl Bgd~G 7-MOIJ-91 12 89-9 01 00 JO[ FB-
BpR=O 1=4.3v HQ•}}6 TIC=498938BB Rent 
TAKA PT= 0° 
10 368 
BB 
60 
40 
28 
8 
188 280 188 488 580 
Tll4332012o xl Bgd=2 7-~0U-91 12 99•8 91 51 /9[ FB• 
Bpfi=H 1=9.7v 
TAKA 
HQ=87& TIC=273531898 Rent= 
PT= 8° 
188 115 
88 
68 65 
48 
486 
t I 
28 T. T 8 J l. J 1 
188 209 388 488 508 
l'lDIS 'l. Base 
204 39 2. 13 
228.33 2.50 
232 30 1. 25 
247 31 1. 07 
294 19 2.77 
322 !3 2.52 
341 09 11.47 
342 11 3.61 
360 Oli 100.00 F' 
361 07 L 1. 27 F' 
36205 1. 19 
643 53 0 13 
705 32 0.28 
720 40 o. 1~ 
723.44 1. 23 
740.38 9.95 F 
741 39 2.41 F' 
771 02 0. 19 
776.01 0.57 
M.W.3~ 
Sys rna 
Cal =PFKI40CT 
&98 788 
Sys FAD 
Cal = PFKI40CT 
698 788 
988 
988 
HRR= 
li!ISS= 
980 
283 
HR~= 63~ 
RRSS= 
9811 
W22SSI!Ol5o lll Bgd=l4 
BpR=O 
TRKII 
0 1tl•O 
19 
95 
9D 
85 
BD 
75 
79 
65 
69 
55 
so 
45 
49 
35 
38 
25 
28 
IS 
18 
5 
8 
1'1011\l 
90.97 
91.98 
92.97 
117.96 
126.82 
299.94 
300.95 
316.96 
317.92 
318.93 
319.94 
'320. 96 
321.96 
322.97 
323.98 
337.32 
337.87 
338.94 
339.96 
340.96 
427.89 
428.02 
428. 15 
428."28 
428.42 
428.66 
432.68 
1=2.911 Ho=4BD 
58 
'1. 81!f>O 
3.05 
1. 41 
0. 7!5 
0. 70 
16. 13 
4.47 
12.36 
9.06 
3.36 
56.82 
11.53 
10.37 
3. 10 
6. 10 
I. 81 
0.38 
IDB 
10.99 F' 
100.00 F' 
19.69 
9.55 
I. 52 
2.21 
1. 53 
1. 53 
2. 16 
22.23 
5.90 
Ul2 
28-11011·99 09=59-0=91 =21 78[ Cl· 
TIC=IG94481l00 Rent= Sys=ftCE llfi1!: 187~ 
PT= 9° Cal=Pf«21lil11V RRSS= 
3 
319 
417 
3 
379 429 
12] 
3 l 
3 9 
ISO 2811 2SO 3811 358 489 4S9 580 
TH452S019o ~I 9gd=l 2HE9·92 18=22•8=81 =59 ]0[ 
BpR=O I=Ulv Ho=SSI TIC=351198016 Rent= 
TAICA 
10 
88 
60 
40 
28 ]] 12] 
0 
I~ 280 
TH4525024o ul Bgd=22 2HEB·92 18=22•8=1!2=25 ]8£ 
Bpfl=ll 1=7.1u Hll=3]8 TJC=91 428BilB Rent= 
TRKR 
18 
BU 
68 
40 
20 
8 
lOll 280 388 
TH452SU2Bo d 9gd=l3 2HEB·92 18=22+11=82=46 ]8£ 
BpR=B I =98~~<~~ Ho=358 TIC=I4545888 Rent= 
TRKR 
10 
98 
68 
411 
28 
8 
188 288 380 
~llGil 'l. 8!190 
51.04 0.39 208. 10 2.33 268. 11 
77.06 19.55 209. 10 0. 78 299. 12 
78.06 2. l2 212.06 6.28 260. 12 
92.07 0.49 213.07 1. 17 262.09 
93.08 1. 17 219. 10 0.78 263. 11 
96.06 0.42 2liS. 10 0.39 267.07 
103.07 o. 78 217.0!3 2.73 269.04 
104.08 0.78 218.06 0.35 270. 11 
108.07 0. 78 219.09 0.35 271. 12 
126.07 0. 78 220. 10 2.83 272. 13 
127.07 19.21 221. 11 1. 17 281. 12 
128.08 17.71 224.08 0.39 288.09 
129.08 1. 30 228. 11 0.39 289. 11 
136.09 0.38 231. 10 0.48 290. 13 
142.08 0. 78 232.07 3.91 291. 14 
146.08 0.47 233.08 0.39 293. 12 
163.08 0. 76 236.06 1. 17 299.98 
194. 10 2.34 238. 10 1. 57 301.66 
19S.07 0.47 239. 11 3.66 308.08 
l!"J9. 09 0.39 lt40. 11 2.34 309.14 
162.04 0. 78 241. 12 0.39 310. 14 
165.09 0.39 2t.l3.09 0.78 318. 11 
166.09 3. 13 244. 10 0.39 319. 11 
167.08 0.42 246. 11 0.39 320. 12 
182.07 1. 23 2!30. 10 0.86 321. 26 
184.09 0.78 2!31.11 0. 78 338.08 
186.06 0.89 2!32.12 0.39 339. 13 
189.09 0.78 340. 14 
190. 10 0.94 341. 16 
193.07 0.39 342. 19 
196.0!> 0.78 368.06 
197. 10 0. 78 39!!1. 17 
206.06 0.39 360. 19 
... ~. ~ .. 
183 
El• 
Sys:RC£ 
PT= 9° Cat =PFKIJFEB 
339 
4118 
CJo 
Sys=R£[ 
PT= 00 Ccl=Pr!CJirEB 
3 
40ll 
Cl-
Sys=RCE 
PT= 0° Cal : PrKJJrEB 
3 
359 
2.34 
3.52 
0.49 
0.47 
0.39 
1. 30 
4.78 F 
20.53 F 
3.52 F 
0.39 
0.39 
!:1.67 F 
12. 11 F 
6.57 F 
0.78 
0.39 
2.73 F 
0.78 F 
6.69 F 
3.4& F 
0.46 
0.78 F 
4.08 F 
13.67 F 
2.73 F 
20.71 F 
76.01 F 
67.91 F 
8.24 F 
0.78 F 
14.84 F 
100.00 FO 
1!!1.63 F 
' c• ~ 
488 
MJNa359 
Hhll= 655 
E= 
600 
Hli!!= 191 
HIISS= 
SOil ~ 
Hli!= 64 
RRSS= 
589 &Oll 
lOll. 
95 
90 
85 
80 
/5 
/0 
S5 
GO 
55 
50 
45 
40 
35 
30 
25 
28 
IS 
IB 
5 
Tll22GSI!05o lll Bgd=l 28-11011-90 10= 14•0=80=41 /BE 
Bpfl=ll 1=9.9u Ho=464 TIC=I9296411Dtl Rent= 
m ~~ 
0 111•0 
Cl· 
Sys=RCE 
Cal=Prte2U 
M.W.459 
S4S74 
458 
4 9 
BT-~~--------~----~----~~------~~~~--t~~~~~~--~ 50 180 158 2BG 258 380 358 488 458 580 
1'11!61 
59.82 
280.64 
342.60 
343.60 
361.56 
362.59 
363.59 
373.62 
398.58 
399.59 
• 416. 61 
417.58 
418.59 
419.58 
420.59 
435.59 
437.32 
438.59 
439.59 
440.60 
497.99 
4!58.61 
469.61 
"1. Baso 
0.43 
0;79 
2.67 
0.32 
so. 17 F" 
9.96 F" 
0.47 
1.11 
3.93 F" 
1. 59 F" 
1. 20 
1. 19 
14. 72 F" 
9.50 F" 
1. 63 F" 
1. 98 
2.98 F" 
100.00 F" 
21. 44 F" 
2. 14 F" 
19.00 F" 
16.93 F" 
2.41 
M.W.380 
n~m()§:) Ill Bgd=J 21·RRR·91 14:21l•ll•lll •ll& 7G£ Cl· 
BpR:O I::tt:u Ho::3;Jg TIC=I36W~ Rent.: Sgi:rJI H;Jt li553400Q 
TRKII PT= lfl Ce!.=~mt~ 00• 313 
1 m 
00 
Gll 
40 
2Q 
a 
5B 100 150 2llll 250 4&Q 
Tfl2m5014o ul Bgd=U 21-lliiR-91 14•2M•Ill :;a 7m: ct~ 
Bpll~ l=6,,u Ho::391 TJC=3~ Rent: Sys•ru:E HIJ: ~~ 
Tirol PTa~ ca • mttSillm ~· 314 
1 34 
1m 
Gll 
40 
20 
ll 
·~ ISO 200 250 D B 400 Tfl21lll3S018o Ill Bgd=5 21-IIIIR-91 14•21l•ll•ll1 •49 ,0[ [I<> 
8pll=O 1=7 .SII lltl=38ll TIC=~ Rent: Sys•RCE Hiil!• 51445B 
TRKll PT= e0 ta•PF«l!llim liJISS: m 
18 3 
1m 
6ll 
4eJ 
21l 
8 
59 191l 150 300 35!! 
mHio X 80!30 2.32 187.16 0.61 23G.69 313.62 23.t3B 
111l.7G 0.33 237.69 o. 31 314.82 3. !ill 
!Bill. 77 0.46 241.69 l. 00 320.G2 0.70 
190.72 1. 01 242.69 3.99 331.67 3.46 F 
1!U.79 0.39 243.70 29.71 3132.60 100.00 F 
192.79 0.70 244.70 6.47 333.80 1!;1.88 
193.78 G.89 24!5.70 0.39 33/J.IO 1. 00 
!94.77 3.19 246.67 0.36 338.CU 1. 18 
•199.76 0.32 248.&7 0.31 339.81 1.12 
117.74 0.70 2153.88 0.47 340.61 0.38 
198.73 l. 19 2159.88 0.98 34lli.S3 0.91 
200.79 0.32 2lU.67 2.30 379.eJEI 3.22 
20!. 79 0.74 282.67 18. 15 380.!;17 0.60 
203.73 0.31 263.69 18.90 F 
204.73 2.62 283.83 l. 84 F 
209.73 0.98 284.87 2.13 
211.73 2.92 2GB. Gill 0.31 
212.71J 3.77 211l1.69 1.113 
213.711! 9.34 287.69 0.93 
214.74 O.G4 273.69 3.6a 
:us.n 0.42 274.613 l. 67 
2ll'i!. 71 1. 61 279.&11! 0.74 
211.72 a. 4G ;- ael. ~aa 7.2Sl 
218.73 0.62/ aaa.111a a.aa 
2Ul.72 o.a4 283.6B l. 00 
220.72 0.94 28tl.G2 0.44 
222.70 0.98 286.62 1. 33 
223.71 1.8!) aaa.ss 3.43 
2243.72 2.418 2li!Q.G!'3 0.74 
229.73 l. 19 2Q!.G1 2.22 
231.71 2.1!11 292.1\14 6.21 
23a.72 21.sm 21.'13.52 22.89 F 
23:!1.71 2.44 2~<'3.54 3.63 F 
.,~4 1!1!'1 0.4ll :!104.5& 0.4Sl d 
". 
!) 
lie 
41l 
186 
m211!l017o nl Bgd=l IB·RR~-91 15•43oll•OI •42 7Gr 
Kpfl::O 1=5.~ ~4G TIC=3771l~ Rem• 
~ ~f 
KiJ: 
~· 
2iJ 
0~~~~~~~~~~~~==~~~~~~~~~~~~~==~~ 
~ ~ ~ ~ ~ 
Tlf2fi!JSo nl 8gd=9 18-RRR-91 15•43oll•Q2•2ll m 
Dpll=O l=~kv llo=IJ~ TIC=lli!l7t~ Rent• 
~ ~f 
lG 
00 
lie 52 
4Q 74 
2rl &I 
0 
~ m ~ ~ ~ 300 35!l 
Tll211l19~ Ill Bgd=ll 18-RRil-91 15•4N•02•44 ;JB£ Cl· 
Bpll=O 1=3.3u lb=4ll TIC=2116470~ Rent: 
m ~f 
Sys:IIC£ 
C<i : Pf!CIBilRl 
10 
Bll 
lie 
4~ 
2rl 
~ 
£1 10~ ISO 200 ~ 
~llllll X BllBO 
4<3.00 <30.41 106.00 4.7Sl 
<:14.9Sl 16.09 10Sl.OO 2.9Sl 
<3G.02 10.99 110.00 3.66 
<30.03 6.29 111. 01 2.24 
B2.oa G4.78 116.00 100.00 
BCI.01 4.36 117.01 7.04 
~.03 19.3S 122.02 3.91 
, St. 03 s.se 123.00 2.73 
60.01 20.14 123.99 43.71 
51.00 20.7& 129.00 d.ISG 
69.00 2.91 133.01 20.94 
70.02 3.74 133.99 3.91 
72.03 &1.22 139.01 6.23 
74.01 40.90 179.00 2.86 
77.02 1€1. 97 390.!1 3.87 
7€'1.01 19.30 368.10 3.7&1 
80.00 3.78 370.!1 9.72 
81.00 3.95 386.!2 HJ.a2 
02.01 1S.70 380.£10 3.87 
.1\13.00 4.10 388.90 74.89 
0<3.01 3.7€'1 389.90 113.14 
69.01 2.se 300.92 3.1U> 
08.01 11.<93 40ti1.87 21.60 
!U.02 8.09 409.81!1 9.06 
92.99 4.44 
94.00 4.88 
99.00 4. 13 
9B.OO 5.33 
97.01 4. 18 
!ilQ.01 9.00 
!ll9.02 4.81ll 
100.0:il 1. 98 
102.02 1. 72 
137 
Spectrum No. i 9 (E~+ data) 
B 
30 
10 
10 
Tll2G9DI9o xl 8gd=4 2HEB·91 II =29•11=01 =52 7BE 
Bpll=ll I =4 .I u lfll=503 TIC=23JB93888 Rent: 
~ ~f 
248 
148 
I 9 
179 
El• 
Sys•RCE 
Cat : Prtt21rEII 
5 
?0 
0~~~~~~~-+~~~~-+~~db~~~----~~~==----~ 
11!8 288 380 4811 588 &88 
Tll269129e n1 Bgd=l4 2HEB·91 II =29•0•82:40 78E 
Bpii=B I =3&3Jv Ha=582 TIC=78878BO Rent: 
~ ~f 
88. 
18 
;o 
'B 
Man 
140.88 
140.96 
141. 89 
142.88 
143.00 
145.79 
146.85 
147.68 
147.88 
148.89 
149.90 
1!52.83 
154.88 
1!57.79 
1!57.84 
1!58.23 
1!58. 98 
1!59.88 
1!59.99 
160.89 
162.34 
162.82 
163.58 
163.83 
164. 12 
164.82 
16!5.85 
166.89 
168.88 
169. 11 
169.79 
171.02 
173.88 
174.79 
176.79 
i77.85 
171.57 
171.88 
179.89 
110.89 
181.80 
182.86 
183.07 
193.79 
196.115 
197.87 
190.07 
191.93 
•ne "e 
I 7 
188 
"1. Ban 
5.96 
0.92 
0.96 
0.96 
0.96 
0.55 
0.96 
l. 06 F 
64.75 F 
4. 71 
0.96 
0.34 
l. 67 
l. 67 
0.92 
0.88 
0.92 
2.87 
0.91 
0.96 
2.51 
l. 67 
0.89 
0.96 
0.87 
0.96 
0.91 
0.98 
0.37 
0.8!5 
l. 29 
0.98 
0.96 
l. 58 
3.82 
0.96 
0.17 
31.70 
2.87 
0.96 
0.96 
0.97 
l. 59 
0.96 
0.96 
51.49 
5. 17 F 
1. 67 F 
" ae 
288 
209.88 
212.79 
214.09 
:u6.B9 
217. 81 
221.01 
222.99 
224.79 
225.79 
228.88 
229.89 
231.79 
232.85 
234.84 
23!3.88 
238.79 
238.79 
242. 11 
244.87 
246.84 
246.92 
247.86 
248.30 
248.49 
248.87 
249.88 
250.78 
253.69 
2155.79 
256.81 
262.78 
263.815 
266.87 
274. 77 
274.84 
324.78 
325.79 
328.81 
31515.77 
358.78 
374.77 
375.77 
376.81 
483.73 
501. 71 
£102.22 
502.73 
!!03.75 
--
1.67 
0.96 
0.88 
1. 57 
0.88 
0.18 
0.96 
21.02 
1. 72 
5.73 
0.96 
0.98 
1. 82 
0.96 
0.55 
0.96 
1. 81 
0.86 
0.96 
0.91 
0.86 
100.00 
0.88 
0.88 
7.88 
0.96 
0.96 
1. 91 
1. 10 
0.87 
1. 67 
0.94 
l. 72 
3.155 F 
1. 67 F 
8.60 
. 0. 96 
0.88 
6.90 
0.96 
33.51 
3.82 
1. 86 
0.96 
56.38 
0.36 
4.78 
0.98 
388 
Cl-
Sys•RCE HJIR: 
Cat • PrKi!IFEII HIISS• 
375 
~12 
I 
498 588 688 
1'1!116 
55. 
69. 
74. 
79 
BO. 
86. 
93. 
198 
95 
90 
85 
80 
75 
i'B 
65 
69 
55 
58 
45 
48 
35 
38 
25 
28 
15 
18 
5 
B 
00 
00 
00 
00 
01 
00 
00 
98 01 
99.01 
100.02 
103.01 
105.01 
1'1o. 01 
112. 01 
117 01 
118.02 
122.02 
124.01 
126.93 
129.01 
130.02 
131.01 
136.01 
139.51 
141. o:i 
142.01 
143.02 
148.01 
149.01 
155 01 
160.01 
162.46 
167 01 
172:01 
174.01 
17692 
Tfl2440992o x1 Bgd=9/B II-DEC -98 19: 59•9 = 13 57 /8[ El• 
Bpll=O 1=3.3v 
rR3 8.1 ASEC 
HQ=683 TIC= I 52238888 Rent Sys: "A~RffiiRR 
GC= 168° CaL 'Prmrc 
348 
2}9 
" 
249 299 
69 149 1/9 
229 
131 190 375 
II IIIII ,11 II II~ I ,I I Ill I I I I 
188 288 388 498 
·~: Bas a 
0.68 177 96 0. 79 260.03 6.56 
22.41 179.01 22.59 261.04 0.39 
2.38 180.01 I. 98 279.02 46.21 
5.95 186.01 0. 77 280.02 3.85 
Q.. 31 191.02 2.39 298.01 30. 92 
0.60 198.01 13.50 299.03 2.99 
3.57 19902 0.59 324.93 2. 75 
5.25 200.93 I. 82 325.96 0.35 
0.41 20!1.01 1. 26 329.01 9.51 
1. 69 210.02 4. 76 330.02 1. 19 
0.58 211.05 0.33 336.93 0.32 
., 38 217 02 0.80 348.02 63. 14 ... 
2. 39 224.02 0.64 349.02 li. 76 
0. 74 224.93 1. 99 355.95 I. 31 
9.08 227.96 0.53 374.94 11. 89 
0.38 229.01 17.02 386.96 5. 15 
1. so 23002 1. 29 387.95 0.30 
~- 76 236.01 2.62 405.95 4.01 
EL 41 238.92 2.62 424.96 2. 74 
10.01 241. 01 2.38 45!5.97 6.50 
0.49 247.99 29.88 456.99 0.63 
13.08 249.01 2.42 474.91 86. 98 
" a.33 253.85 0. 78 475.94 S.JS 
" 0.64 2!35.29 0.63 476.92 0 50 
10.86 582.88 14. 11 
0. 79 583.89 1. 77 
0.31 601.89 100.00 
" 21.40 602.93 9. 79 
" !. 41 603.95 0.39 
3.92 
4. 93 
0. 32 
I. 44 
0.57 
0.41 
6.67 
4}5 
I l 
588 
583 
HRR= 
RASS= 
682 
688 
_:-... 
TH2440588o ~I Bgd=571 11-0EC-99 19 59•9:89:89 /8[ El• 
BpR=B 1=4./u Ht~=49G TIC=ISI/53888 Rent Sys'l'lRKRRURR 
FR3 8.1 ASEC GC= 118° Cal oPFKIOEC 
188 
95 
98 
95 
89 
/5 
79 
65 
69 
55 
sa 
~5 
~8 
35 
JB 
25 
20 
IS 
19 
5 
II 
SB 
Mass 
55. 
69. 
70. 
74. 
69 
01 
01 
01 
01 
79.01 
86.01 
93.01 
98.02 
10001 
105.03 
10852 
110.02 
U2. 02 
117.02 
118.04 
122.01 
124.02 
126.94 
129.02 
131.02 
136.02 
141.03 
143.02 
148.02 
149. 0-1 
1!39.02 
160.02 
167.02 
174 03 
176.93 
179.03 
180.02 
181. 03 
186.03 
191. 03 
196.99 
198.03 
205.03 
I 
.. 
" 
Ill 
111.1 Ill 
188 
Base 
0. 33 
J4 40 
0. 50 
1. 09 
1. S6 
0. 52 
J 72 
3.37 
4 97 
l' 31 
0.49 
l. 49 
0.37 
13.23 
0. 4!3 
0.34 
4.93 
5. IS' 
4 20 
9. 77 
1 32 
3. 71 
l. 17 
9. 70 
1. 47 
3.72 
1 S1 
7.27 
0.54 
2.99 
9.21 
0.84 
0. 33 
0.84 
0.53 
0.37 
5.58 
1. 41 
31/ 
26/ 
298 
m 248 279 
.I. II I ,,, I 
158 298 259 388 358 
217 OJ 14 63 
21S. 03 1. 25 
221. 99 0. 3S 
224. S3 0.60 
229.03 6. 93 
230.03 0.51 
23S. 95 0.39 
241. 04 0.56 
243.03 0.52 
248.03 14. S5 
24903 0.91 
265.02 O.S9 
260.02 0 S9 
26701 36.31 
268.02 3.23 
273. 71 0.32 
279.04 14.93 
280.04 1. 10 
298.03 18.28 
299.03 1. 68 
317.02 48.08 
318.03 4 54 
329.05 0.54 
348.05 9.66 
34904 :>.92 
367.04 a. IS 
36S.06 0 84 
374.96 1. 42 
406.01 0. 31 
424.99 1 39 
443.97 3. 97 
445.01 0.35 
474 96 1S.58 
475.98 1. 68 
493.94 100.00 F 
494.97 10.95 F 
J96.01 0.84 
415 
I I 
488 458 
494 
HHR' 
HRSS' 
598 
385 
5~ 
TH4560812o Jtl Bgd=n5 25-r£8·92 16= 32•Q: J!J:GG 78E £1• 
Bpll•C 1=1951lu Hll=327 TIC=I20499C Rent= Sys=~RXRi11ll!ft 
rA3 ~.lllSEC GC= 129° Cal :Pfl(23F£8 
121 
I I 
2 
80 
60 264 
40 217 308 
28 
8 5±8--~~~~~~~~~~~~~~~~~~w-~~~~~~~~~~~--~--~ 
258 lim 351 
224 
1'10\IG 'l. 8aso 
!57.02 1. 33 198.89 7. 11 
98.02 1. 09 199.88 7.91 
98.03 1. 41 200.89 8.20 
99.04 1. 29 201.87 2.66 
60.99 4.61 204.87 3.99 
62.98 2.34 209.88 5.08 
64.97 1. 48 206.87 1. 33 
68.95 9.30 208.89 1. 48 
71.02 1. 72 210.86 2.27 
72.99 1. 33 212.89 1. 17 
73.02 1. 33 213.89 s. 75 
76.96 2.03 214.98 3.28 
77.92 1. 48 216.87 40.00 
77.94 1. 17 217.89 20.00 
77.98 1. 17 218.88 1. 09 
78.95 13.36 223.87 22.97 
80.94 7. 11 224.89 2.03 
84.90 1. 64 227.90 10.86 
90.99 20.47 228.89 2.73 
94.94 1. 09 229.86 4.06 
100.99 1. 41 230.88 4.53 
104.98 2. 19 232.91 1. 56 
10!3.94 2.11 233.87 12.42 
111. 94 1. 6111 239.89 88. 13 
112.90 1. 09 236.86 20.00 
112.98 1. 56 238.86 3.67 
116.92 8.79 241.84 1. 17 
121. 99 9.30 244.85 11. 33 
123.93 2.42 245.85 1. 88 
130.93 1. 41 247.86 6.95 
131. 92 1. 88 248.83 6.02 
132.91 4.30 249.87 2.34 
134.91 2. 19 291.89 6.41 
135.91 El.99 294.88 2.03 
136.91 8.28 297.84 3.28 
147.89 1. 41 260. B1 1. 99 
149.94 2.90 261. 89 10.86 
160.90 2.03 262.78 1. 95 
1!31.88 1. 17 263.84 63.67 
154.88 9.30 264.84 13.59 
HIS.89 7.34 266.84 40.00 
162.93 2.98 267.83 3.83 
163.92 1. 88 268.86 1. 88 
166.90 11. 17 277.82 5. 78 
167.90 8.98 279.82 6.95 
169.91 2.27 283.83 1. 64 
173.90 7.73 28EI.8S 2.73 
174.90 1. 88 288.85 7.03 
178.91 3. 13 297.90 1. 33 
179.88 2.03 306.80 1. so 
180.90 40.00 307.84 41.95 
181. 89 3.67 308.85 9.61 
182.03 0.94 327.82 1. 64 
102.88 1. as 
183.88 11.48 
189.87 100.00 
186.87 23.92 
187.89 1. 64 
194.86 7.97 
1!P7.88 8.ao 
191 
TH45G0931lo Kl Bgd=914 25-FEB -92 IS = 32•0: II : 34 78£ [(• 
BpR=Il 1=478av HQ=328 Tll:=21 SGBD£3 Rent= Sys=llR:CIIillfrul Hlill: 31: 
FRl O.IRSEC GC= 1449 Cal : PFtc25rEB ~RSS, 
IB 186 2 
OG 
SG 
264 
41l 
21] 
2G 328 
G 
~ lOll 2011 250 35f 
1'11l611 '1. 81l!IG 
451.90 0.61 196.90 0.7:1 296.84 0.57 
49.98 0.38 197.88 2.33 306.86 
' 
34 
64.98 0.89 1!18.8!1 3.09 307.86 65.33 
68.96 1. 86 1!19.89 4.88 308.86 8.33 
70.99 0.73 200.89 0.67 309.86 0.46 
76.97 1. 08 201.84 1. 66 327.87 17. 10 
77.96 0.9!1 20<!\1.87 3.64 328.86 2. 11 
78.9!5 1. 98 206.89 1. 86 
80.96 1. 06 207.93 0.70 
84.91. 0.45 208.90 0.96 
90.96 6.14 210.62 0.48 
92.96 0.93 :u0.90 2.39 
9.1l.94 0.67 211.91 1. 21 
94.98 0.54 212.!11 1. 08 
106.94 0.80 213.88 8. 17 
106.02 0.36 214.88 3.41 
108.96 0.51 216.89 27.91 
113. 93 0.96 217.89 2.42 
116. 94 B. 17 223.88 16.33 
121.9!5 16.33 224.91 1. 21 
122.96 0.64 226.88 0. 77 
123.94 1. 98 226.24 0.64 
130.89 0.!51 226.33 0.41 
130.98 0.73 226.60 0.51 
131.93 0.41 226.87 0.70 
132.92 1. 47 227.91 16.87 
134.96 3.67 228.91 1. 82 
136.92 8. 17 229.88 2.87 
136.93 2.52 230.89 2.62 
143.89 0.64 232;89 2.26 
143.93 0.48 233.87 1. 34 
14495 1. 1 !3 236.87 100.00 
147.91 0.64 236.88 9. 19 
149.92 1. 37 238.90 4.86 
162.00 0.38 239.91 1. 0!3 
164.90 !3.20 242.87 1. 88 
16!5.91 2.90 243.89 1. 15 
168.88 0.61 244.87 16.33 
1!38.96 0.64 246.88 1. 66 
160.96 0.57 247.83 0.73 
162.92 2.26 248.87 2.87 
163.91 2.01 249.88 1. 08 
166.92 10.62 2!31.89 4.66 
167.92 2.30 297.88 3.92 
171.91 1. 37 298.91 0.73 
173.92 4.98 260.86 1. 69 
174.91 0.80 261.83 0.77 
176.86 0.41 263.85 49.03 
178. 93 1. 63 264.86 10.21 
179.91 1. 18 266.86 2.42 
180.92 16.33 267.87 0.54 
181. 93 1. 44 268.88 2.58 
182.91 0.96 276.89 0.51 
183.90 3. 16 277.86 1. !59 
186.90 97.9!1 279.85 a. 14 
186.90 9.09 283.8!5 1. 63 
187.88 0.61 21!15.89 0.48 
190.94 0.70 288.87 8.71 
192.92 0.64 289.89 0.99 
194.87 8.90 296. 79 0.67 
192 
TH4GGDJ23So nl Bgd=1DSG 2HE8·92 lG:246 9: 15:29 78E [1 6 
BpR=Q 1=175w Ho=428 TIC=68740&:l Rent: Sys:llfll(ftilmll 
FR3 G.HiS£C GC= 182° C& :PFt(25f'[ll 
1911 
BG 
M09!1 
68. 98 " 
73.02 
106.97 
106.00 
11!5. 00 
132.96 
133.96 
136.97 
143.96 
162.96 
193.95 
194.94 
196.94 
166.98 
161.93 
167.94 
169.03 
171. 96 
180.94 
181.93 
182.89 
183.01 
183.93 
184.99 
188.90 
189.89 
191. 92 
199.93 
196.99 
200.00 
202.93 
203.91 
208.93 
210.92 
211.92 
212.93 
214.90 
216.00 
216.93 
:us.92 
219.91 
230.91 
231.8!1 
232.02 
237.00 
"238. 93 
239.91 
240.92 
268.89 
2!39.94 
287.92 
261!1.93 
287.90 
316.93 
31l'i.99 
340.07 
42@.1111 
"f. Base 
14. 76 
1. 56 
1. 39 
1. 30 
I. 74 
2.69 
4.08 
3.91 
6.86 
1. 13 
3.04 
6.86 
23.00 
2.00 
2.26 
1. 56 
1. 82 
2.99 
2.34 
5.30 
2.08 
2.08 
100.00 
7.20 
2.26 
1. 56 
2.17 
1. 74 
2.08 
2. 17 
6.34 
1.82 
2.69 
12.99 
88.89 
7.59 
L48 
1. 13 
1. 56 
1. 82 
4.08 
1. 69 
1. 39 
1. 39 
1. 30 
1. 65 
88.89 
13.28 
2.43 
4. 17 
24.48 
4.43 
2.86 
80.89 
12.24 
l. 91 
1. 91 
184 
2 2 2 g 
156 2 8 
1152 
193 
Ill 
811 
Gil 
411 303 
322 
211 
[(• 
Sys:RC£ 
Cal :PF[{31RR~ 
372 
493 
585 
453 
472 593 
oL-~--~~~~~~~~~~~4A~~~~~-L~~~--~4-~m~a~--
tBo 
TRKOlliEROIOo d Bgd=G 2·RPR-92 17: IB•Il:Bt: 13 7BE 
BpR=O . ,. l=!Bv HQ=S49 TIC=148999808 Rent: 
00 ~f 
Cl• 
Sys:RCE 
Cal :PrK31RRR 
811 
68 
48 
28 
8 
Mau % Ban 
68.98 l. 48 207.94 0.09 283.94 8.59 346.94 80.98 0.63 209.95 0.51 284.95 I. 53 352.93 92.98 0.51 214.95 I. 50 28!3.95 0.20 353.94 99.97 I. 79 216.96 0.51 290.92 I. 52 36o!!.9!3 104.00 0. 18 221.95 2.53 291. 92 0.24 3!37.58 116.97 2.03 223.01 0.51 296.94 4.57 3!58.74 121.97 0.51 226.95 0.88 296.95 I. 01 359.96 123.97 0.!36 228.96 0. 70 297.94 0.23 364.94 129.00 0.87 233.9!3 4.32 302.93 40.97 366.96 130.96 0.51 234.95 0.62 303.94 5.42 371.91 135.96 2.22 240.95 1. 1!1 304.99 0.51 372.94 140.96 I. 54 241. 96 0.21 307.93 0. 18 373.96 145.97 0. 19 245.94 l. 01 308.40 0.09 376.96 147. 96 I. 55 246.96 0.51 308.62 0.08 383.9!3 148.99 4.20 247.99 0.91 309.02 0. 17 384.99 149.99 0.51 292.94 10.63 309.86 0.27 389.96 161.46 1. 30 293.96 1. 92 314.94 9.94 310.!19 161. 96 0. 15 267.99 0.61 315.99 I. 52 395.95 192.96 I. 13 298.94 0. 14 316.94 0. 15 395.96 164.96 0.91 261.95 0.51 321. 93 24. 78 402.14 159.00 0.09 264.94 9.34 322.94 3.04 403.32 159.96 1. 40 269.99 1 52 323.96 0. 16 403.96 160.96 I. 01 266.99 0.23 326.94 I. 52 404.S6 164. 96 1. 94 271. 9!3 10. 17 327.94 0.!31 414.96 166.96 1. !30 272.94 I. 13 328.94 0.23 416.96 171.96 2.01 273.96 0. 11 333.94 11.66 421.96 176.46 0.51 276.93 0.60 334.62 0. 07 422.96 178.96 I. 18 277. 11 0.07 334.94 2. 11 433.96 183.96 I. 52 277.40 0.01 335.96 0. 19 434.17 190.96 I. 01 277.98 0.08 340.94 0.61 445.01 196.96 O.Gl 278.00 0.51 341. 97 0. 14 4!32.Sl5 197.96 0.49 278.83 0.51 342.99 0. 11 493.!17 202.99 4.20 279.24 0.08 344.32 0. 16 49t.J.9(1 203.96 0 99 .... a ,.~ 
HRR: 25 
RRSS: 
0.52 464.97 2.03 
60.37 465.98 0.!31 
8.39 471.97 23.58 
0.54 472.91!1 3.1116 
0.09 473.99 0.51 
0.20 483.98 3.07 
0. 15 484.!18 0.1110 
7.96 502.811!1 24.55 
I. 39 603.!19 4.23 
100.00 F 504.1!)9 0.51 
12.52 F 521.99 0.51 
I. 01 553.00 12.23 
0.61 !354.01 2. 10 
12.44 666.02 0. 17 
2.06 !372.01 7.00 
0.22 573.01 I. 25 
0. 19 
l. 01 
0. Ell 
99.73 
0.07 
9. 12 
0.88 
4.17 
1. 01 
2. 18 
0.61 
7. 17 
1. :u 
o. 16 
47.28 
6.99 
0.!31 
ml<l5Hil23o 111 Bgd=l7 8·RUG·9~ 
Bpll=ll l=l.llu lla=1314 TIC=35397000 
TRKR 
1116 
60 
411 
211 
l'lOilll 
5S9.30 
603. 19 
612.53 
620.24 
629.48 
638.67 
639.4~ 
664. 16 
era. 57 
701.76 
710. 18 
720.30 
729.51 
730.40 
766.41 
765.24 
771. 22 
788.43 
796.73 
796.67 
797.60 
808.89 
807.81 
80€1.78 
810.97 
817.05 
818.04 
821.63 
8:l1. 79 
856.90 
887.82 
890 .. 011 
892. 12 
902.22 
90t1.26 
908.24 
908.27 
914<1.37 
91!11. 13 
991.07 
992. 19 
993.07 
1003.09 
1006.04 
1008.03 
1007.01 
100€l.90 
1010.00 
1011. 03 
1019.04 
1091.01 
1092.04 
1093.00 
1104.98 
1108.97 
1106.98 
11011. 93 
11011'.!!14 
1110. !!11 
1112.02 
7. BZIIIO 
0.70 
1. 57 
" 0.94 
1. 24 
1. 66 
3.87 
0.61 
0.6!!1 
1. 91 
0.36 
2.90 
3.72 
0.81 
0.70 
5.47 
1. 03 
2.45 
1. 66 
1. 36 
1. 88 
0.9~ 
9.17 
0.87 
0.79 
1. 23 
0.91 
1. 21 
0.34 
0.!!11 
10.99 
3.24 
2.47 
0.913 
2.93 
8.08 
1. 34 
0.88 
1. 37 
0.79 
3.74 
0.418 
1. 97 
1. 17 
29.90 
7. 19 
0.97 
3.23 
1. 17 
1. 19 
1. 87 
3. 14 
0. 78 
2.00 
69.91 F 
17.01 F 
2.60 
7.92 
1. 913 
2.76 
0.60 
1115.04 
1191. 02 
1193.01 
1203.87 
1206.02 
1201.21 
1208.07 
1209.02 
1lUO. 04 
1211.03 
1212.07 
1212.99 
1213. 17 
1293.06 
11 :45ofi:OII:SD 70£ 
Rent: 
2.00 
l. 85 
1. 91 
0.70 
100.00 F 
27. 14 F 
0.88 
8.85 
2.30 
3.36 
3.86 
0.54 
0.72 
l. 33 
PT= 11° 
Cl· 
Sys: RC£2000 
Cal : Ul TBRIJG 
1885 
6E 
1205 
11115 
Sp)(edrum No.27 (E~+ dat©l) MJN.5~ 
Ttl361106o x1 Bgd:G 18·JUL·91 IS,IN,BO:SI /BE Cl• 
BpR:Q l=lllv Ha=288 TIC=I428680Dll Rent' Sys:RC£ HliR: 2~ 
TRial PT= 0° eat , PrKJSJUI. RASS: 
ID 279 
oe 
liD 263 
~D 
2ll 52 
g 
2811 380 ~GO 600 
m3611015o Ill Bgd=ll IB·JUL ·91 IS: 12•8:81 :38 /BE Cl· 
BpR=Il J:3J2tJU Ha=54/ TIC=901 3880 Rent: Sys=RC£ HllR= 28 
TRKR PT= 0° Cat=Pnct6JUL RJISS: 
108. 344 m 
98 
68 448 
411 
28 
0 I I l 
'"' 
~ 
100 288 3811 480 SBll liDO 
Tll3611020o Ill Bgd=l IH·JUL ·91 15, 12•9,112,83 79[ El• 
HpR=O I= I 79au Ha=548 TIC=I672611811 Rent= Sys=RCE Hill!= II 
TRial PT= 8° Cal : PrK IGJUL ~ASS: 
18 284 
]] 183 
262 
m 
e 
SBll 600 
l'l!IU 'l. suo 
41. 02 6.89 115.03 6.20 206.00 9. 18 345.02 3.91 
43.01 8.92 116. 97 5. 78 207.00 6.97 355.05 4.33 
43.98 9.26 124.99 2.38 216.96 8.67 373.09 2.63 
45.01 30.84 126.99 41. 12 219.00 2.89 393.99 6.20 
46.96 4.50 128.02 5.95 220.02 2.72 395.02 12.05 
48.99 5.44 130.97 2.80 221.04 10.03 412.99 8.50 
49.99 16. 14 132.99 4. 16 223.01 33.22 421.04 4.33 
51.00 55.90 139.02 3.40 224.00 10.96 429.07 2.97 
52.01 4.42 141. 03 3.06 226.01 13.93 446. 15 7.82 
55.03 6. 10 144.00 4. 76 226.03 2.97 447. 10 7 90 56.98 3.65 145.98 4.25 229.00 3.31 475.08 3.57 57.05 5.52 147.03 8.07 244.00 7.22 925.09 3.23 
63.01 6.63 151.01 13.51 251.02 3. 14 525. 10 4.08 
65.02 3. 14 152.02 lB. 78 254.99 16.65 547. 10 9.25 
68.97 7. 73 1!13.03 9. 18 296.00 4.84 548. 10 5.69 
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107.98 2G.OO 204.02 100.00 329.00 S.G7 
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'"' '" 
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140. 13 3.27 219. 13 21.30 31S3. HI 0.42 
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Polymerisation of Olefins. 
ID>r • .]J. Becllner (Odense University) 
Synthesis of New Macrocyclic Systems using Heterocyclic Building 
Blocks 
16.11.89 
29.11.89 
30.11.89 
4.12.89 
6.12.89 
* 
7.12.89 
* 
13.12.89 
15.12.89 
24.1.90 
31.1.90 
* 
1.2.90 
7.2.90 
8.2.90 
12.2.90 
* 
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lDlir. lDl. JP>mirik~Ir (Durham University) 
Macrocycles, Drugs and Rock 'n' Roll 
JP>Ir®fi'. lDl.JJ. C®B~alHimmnH~mn (St. Andrews University) 
New Polymers from Homogeneous Catalysis 
lDlir. MI.N. !Hfangllu~§ (King's College, London) 
A Bug's Eye View of the Periodic Table 
lDlir. lDl. Gmlhlmm (B.P. Research Centre) 
How Proteins Absorb on Interfaces 
lDlir. JR.IL. JP>mwenn (ICI) 
The Development of CFC Replacements 
lDlir. A. IBuntller (St. Andrews University) 
The Discovery of Penicillin: Facts and Fancies 
lDlr. JJ. OCDD!!now§ikfi (Cambridge University) 
Solid State NMR Studies of Zeolite Cages 
JP>Ir®lf. R. IHfunnsg<eDll (Universitat Munchen) 
Recent Mechanistic Studies of {2+2] Additions 
lDlir. JR.N. JP><erun&z (York University) 
Plotting the Course ofC-H Activations with Organometallics 
Dr. U. lDlyer (Glaxo) 
Synthesis and Conformation of C-Glycosides 
JP>rofi'. J.IHI. IHioDRoway (Leicester University) 
Noble Gas Chemistry 
Dr. D.P. 'JI'hompsmn (Newcastle University) 
The role of Nitrogen in Extending Silicate Crystal Chemistry 
Re-v. R. lLaDllcasteir (Kimbolton Fireworks) 
Fireworks -Principles and Practice 
JP>rof. IL. ILunnazzn (University of Bologna) 
Application of Dynamic NMR to the Study of Conformational Isomerism 
14.2.90 
15.2.90 
21.2.90 
22.2.90 
28.2.90 
1.3.90 
* 
8.3.90 
21.3.90 
* 
23.3.90 
9.7.90 
* 
9.7.90 
* 
9.7.90 
* 
11.10.90 
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lProff. II). §nnaftmn (Simon Fraser University, Vancouver B.C.) 
Synthesis and Applications of Dinitrogen and Diazo Compounds of 
Rhenium and Iridium 
lProlT. IL. Crombie (Nottingham University) 
The Chemistry of Cannabis and Khat 
lDlr. C. IBlllte21111ldl~lle (Newcastle U niveJrsity) 
The Mode of Action of some Anti-tumour Agents 
JP>roJt'. lDl. 'li'. Cll~rDt (ICI Wilton) 
Spatially Resolved Chemistry using Nature's Paradigm in the Advanced 
Materials Area 
lDlr • .IR.K. 'fllloma§ (Oxford University) 
Neutron Rejlectometry from Surfaces 
!Dr. J.F. Stoddart (Sheffield University) 
Molecular Lego 
Dr. A.K. Cheetham (Oxford University) 
Chemistry of Zeolite Cages 
Dr. ][. JP>owis (Nottingham University) 
Spinning off in a huff: P hotodissociation of Methyl/ odide 
Prof. J.M. Bowman (Emory University) 
Fitting Experiment with Theory in Ar-OH 
Prof • .IL.§. German (USSR Academy of Sciences- Moscow) 
New Syntheses in Fluoroaliphatic Chemistry: Recent Advances in the 
Chemistry of Fluorinated Oxiranes 
Prof. V.E. Platonov (USSR Academy of Sciences - Novosibirsk) 
P olyfluoroindanes: Synthesis and Transformation 
Prof. I.N. Rozhkov (USSR Academy of Sciences- Moscow) 
Reactivity of Perfluoroalkyl Bromides 
Dr. W.A. MacDonald (ICI Wilton) 
Materials for the Space Age 
24.10.90 
26.10.90 
31.10.90 
* 
1.11.90 
* 
6.11.90 
* 
7.11.90 
7.11.90 
* 
8.11.91 
14.11.90 
* 
21.11.90 
28.11.90 
29.11.90 
* 
5.12.90 
13.12.90 
* 
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Dr. MI. !BlocllnrrmnBllll1l (U.E.A.) 
Synthesis, Reactions and Catalytic Activity of Cationic Titanium Alkyls 
JP>rrof. ~. §mnll~Bll (South Western University, Texas) 
Chemistry of some Fluorinated Cyclobutenes 
Dr. R .Jhnc!k§Ollll (Newcastle University) 
New Synthetic Metlwds: a-aminoacids and Small Rings 
Dr. N. ILog21l1l (Nottingham University) 
Rocket Propellants 
Dr. JP>. OC~ow§!ky (Uppsala University) 
Stereo-controlled Reactions Mediated by Transition and Non-Transition 
Metals 
Dr. D. G~rrar«ll (B.P.) 
Raman Spectroscopy for Industrial Analysis 
l!Jlr. W. DoBbner (Gainsville, Florida) 
Rearrangements of bis CF 3 Vinyl Aromatics: a Route to 1,3 ,5-
Hexatrienes 
Dr. §.K. §coU (Leeds University) 
Clocks, Oscillations and Chaos 
JP>rof. 'f. IIJeRB (SUNY, Stony Brook , U.S.A) 
Functional Molecular Architecture and Molecular Recognition 
lProf. J. Pritchard (Queen Mary and Westfield College, London) 
Copper Surfaces and Catalysts 
Dr. B.J. Whitaker (Leeds University) 
Two-dimensional Velocity Imaging of State-selected Reaction Products 
lProf. D. Crout (Warwick University) 
Enzymes in Organic Synthesis 
Dr. P.G. PrhngBe (Bristol University) 
Metal Complexes with Functionalised Plwsphines 
lProf. A.H. Cowley (University of Texas) 
New Organometallic Routes to Electronic Materials 
15.1.91 
17.1.91 
23.1.91 
* 
24.1.91 
30.1.91 
31.1.91 
* 
6.2.91 
14.2.91 
20.2.91 
* 
28.2.91 
* 
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lDlll". Im • .]J. ARdell" (Lawrence Livermore Labs., California) 
Hydrogen in all its Glory 
lDlir. IP. §ane (Nottingham University) 
Comet Chemistry 
lProli' • .]J.§. lHiiggilllls (Imperial College, London) 
· Rheology and Molecular Structure of Ionomer Solutions 
IIJ)Il". IP' • .]J. §adHer (Birkbeck College, London) 
Design of Inorganic Drugs: Precious Metals, Hypertension and HW 
lProf. E. Sinn (Hull University) 
Coupling of Little Electrons in Big Molecules. Implications for the active 
Sitee of Macromolecules 
Dr. D. Lacey (Hull University) 
Liquid Crystals 
Dr. R. Bushby (Leeds University) 
Biradicals and Organic Magnets 
Dr. M.C. Petty (Durham University) 
Molecular Electronics 
Prof. B.JL. Shaw (Leeds University) 
Synthesis with Coordinated, Unsatwated Phosphine Ligands 
Dr. J. Brown (Oxford University) 
Can Chemistry Provide Catalysts Superior to Enzymes? 
6.3.91 
7.3.91 
24.4.91 
25.4.91 
20.6.91 
29.7.91 
3.10.91 
17.10.91 
6.11.91 
7.11.91 
13.11.91 
20.11.91 
28.11.91 
* 
4.12.91 
207 
illlw. C.MI. illlollll!ilorrn (Oxford University) 
NMR Studies of Dynamics in Molecular Crystals 
!D>r. JJ. Mlarll<am (ICI Pharmaceuticals) 
DNA Fingerprinting 
JP>ro1f. JR{.JR{. §cllnwoclk (Min 
Metal-ligand Multiple Bonds and Metathesis Initiators 
IP'ro1f. 'Jr. lHillllid!Hnclky (Virginia Polytechnic Institute) 
Biocatalysis and Symmetry Based Approaches to the Efficient Synthesis 
of Complex Natural Products 
JP>Jro!T. M.§. lffiroolkh~urd (University of North Carolina) 
Olefin Polymerisations, Oligomerisations and Dimerisations Using 
Electrophilic Late Transition Metal Catalysts 
Dr. M.A. lffirfimbBe (Massey University, New Zealand) 
Synthetic Studies Towards the Antibiotic Griseusin-A 
Dr. JR. Keeley (Metropolitan Police) 
Modern Forensic Scinece 
Dr. J. A. §althollllse (Manchester University) 
Son et Lumiere 
JPJrof. JB. IF. G • .Johnsoll1l (Edinburgh University) 
Cluster-Surface Analogies 
Dr. A. JR. Butler (St Andrews University) 
Traditional Chinese Herbal Drugs 
Prof. D. Gann (St. Andrews University) 
The Chemistry of PLP Dependant Enzymes 
Dr. R. More O'Ferrall (Dublin) 
Some Acid-Catalysed Rearrangements in Organic Chemistry 
IPH'of. li. M. Word (Leeds University) 
The Science & Technology of Orientated Polymers 
Prof. R. Grigg (Leeds University) 
Palladium Catalysed Cyclisation and Ion Capture Processes 
5. 12.91 
* 
11.12.91 
16.1.92 
* 
22.1.92 
29.1.92 
* 
12.2.92 
* 
19.2.92 
25.2.92 
* 
26.2.92 
11.3.92 
18.3.92 
* 
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lPiroff. A. IL. §mnaRn (ex Unilever) 
Soap Detergents and Black Puddings 
lDlir. W. A. Coojplell' (Shell Research) 
Colloid Science, Theory, and Practice 
lDlir. N • .]J. lLollllg (Exeter University) 
M etallocenophanes-C hemic a/ sugar-tongs 
lDlir. TIL lDl. M. llii~Irll'R§ (St. Andrews University) 
Understanding the Prperties of Solid Inclusion Compounds 
lDlir. A. lliioHme§ (Cambridge University) 
Cycloaddition Reactions in the Service of the Synthesis of Piperidine and 
ndolizidine Natural Products 
Dir. D. E. !Fentollll (Sheffield University) 
Polynuclear Complexes of Molucular Clefts as Models for Copper 
Biosites 
lProf. E. J. 'flilomas (Manchester University) 
Application of Organo-Stannanes to Organic Synthesis 
!Prof • .]J. !F. Nn"ollll (University of Sussex) 
Phosphoalkylenes, New Building Blocks in Inorganic and Organometallic 
Chemistry 
!Prof. M. IL. IHIUchm~llll (Stratheclyde University) 
Chemical Vapour Deposition 
Dr. §. E. Thomas (Imperial College) 
Recent Advances in Organoiron Chemistry 
Dr. lH. Maskill (Newcastle University) 
Mechanistic Studies of Organic Group Transfer Reactions 
5.7.89 
Aug. 89 
13.12.89 
15.12.89 
7.3.90 
2.4.90 
22.10.90 
Sept91 
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Royal Society of Chemistry Heterocyclic Group, Postgraduate 
Heterocyclic Symposium, Sheffield University. 
European Symposium on Auorine Chemistry, Leicester University. 
Modem Aspects of Stereochemistry, One Day Meeting, Sheffield 
University 
Royal Society of Chemistry Perkin Division, One Day Meeting, Durham 
University. 
SCI Graduate Symposium, York University. 
North East Graduate Symposium, Newcastle University. 
fluorine Chemistry Symposium, Japan 
13th International Symposium on Fluorine Chemistry, Ruhr 
Universitiit, Bochum, Germany. 
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~co~ 
This course consists of a series of one hour lectures on the services available in the 
department. 
Departmental Organisation- Dr. E.J.F. Ross 
Safety Matters - Dr. M.R. Crampton 
Electrical Appliances- Mr. B.T. Barker 
Chromatography and Microanalysis- Mr. T.F. Holmes 
Atomic Absorptiometry and Inorganic Analysis - Mr. R. Coult 
Library Facilities- Mr. R.B. Woodward 
Mass Spectroscopy- Dr. M. Jones 
Nuclear Magnetic Resonance Spectroscopy- Dr. R.S. Matthews 
Glass-blowing Techniques - Mr. R. Hart and Mr. G. Haswell 
--------- - - - -~ 
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